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IN  MEMORim 
Roy  Waldo  Miner  (1875-1955) 

Roy  Waldo  Miner,  Curator-Emeritus  of  Marine  Biology  at  the  American 
\luseum  of  Natural  History  and  Editor  of  the  Publications  of  the  New 
York  Academy  of  Sciences,  died  on  December  13,  1955. 

Descended  from  sturdy  New  England  stock,  the  son  of  Anson  Dwight 
and  Ella  Eugenia  (Wilbur)  Miner,  he  was  born  at  North  Adams,  Massa¬ 
chusetts,  February  24,  1875.  He  was  graduated  from  the  Drury  Academy 
in  1893,  and  attended  Williams  College,  where  he  was  elected  to  Phi 
Beta  Kappa  and  from  which  he  received  the  degree  of  Bachelor  of  Arts 
in  1897.  Thirty  years  later,  he  was  honored  by  his  alma  mater  with  the 
degree  of  Doctor  of  Science.  Meanwhile,  he  had  completed  the  require¬ 
ments  for  the  degree  of  Doctor  of  Philosophy,  which  he  received  from 
Columbia  University  in  1923.  On  graduation  from  college,  he  entered  the 
General  Theological  Seminary  in  New  York,  N.Y.,  from  which  he  was  gradu¬ 
ated  in  1900.  His  classical  education  and  training  in  homiletics  were  to 
prove  of  inestimable  value  throughout  his  life. 

Not  ordained  as  a  clergyman,  his  ministry  was  served  in  the  field  of 
education.  It  began  as  Master  of  Latin  and  Biology  at  the  Berkeley 
School,  New  York  City,  where  he  taught  for  four  years.  In  1904,  he  be¬ 
came  Instructor  and  Associate  Headmaster  at  the  Kelvin  School  in  New 
York,  but  at  the  end  of  the  academic  year  he  joined  the  staff  of  the  late 
Hermon  C.  Bumpus  as  Assistant  Curator  of  Invertebrate  Zoology  at  the 
American  Museum  of  Natural  History,  also  in  New  York  City,  where  for 
the  next  38  years  his  talents  were  devoted  to  research  and  to  the  prepara¬ 
tion  of  educational  exhibits  that  not  only  instructed  but  delighted  the  mul¬ 
titudes  that  thronged  the  halls  of  the  Museum.  To  obtain  ideas  and  ma¬ 
terial  for  these  realistic,  accurate,  and  artistic  reconstructions,  he  made 
•epeated  trips  to  the  Bay  of  Fundy,  the  tide  pools  and  wharves  of  New 
England,  and  to  the  coral  reefs  of  the  Caribbean  and  the  South  Pa¬ 
cific.  His  careful  observations  and  detailed  notations,  both  written 
and  photographic,  provided  the  information  for  precise  and  colorful  re¬ 
production  of  marine  life  as  seen  through  the  eyes  of  a  trained  observer. 
Forty  tons  of  coral  were  brought  from  the  West  Indies  and  built  into  the 
framework  of  the  Hall  of  Ocean  Life  at  the  Museum,  and  smaller  but  equal¬ 
ly  charming  and  exact  exhibits  portrayed  the  plants  and  animals  in  the  tide 
pools  and  on  the  wharf  piles  of  New  England.  One  of  the  most  interesting 
of  these  exhibits  shows  the  microscopic  life  in  a  square  inch  of  pond  wa¬ 
ter,  as  seen  through  a  large  lens.  He  designed  and  supervised  the  con¬ 
struction  of  many  invertebrate  groups,  aided  by  the  loyal  and  enthusiastic 
cooperation  of  workmen  who  made  models  of  all  kinds  from  the  glass 
Actinosphaerium  by  Mflller,  in  which  hundreds  of  minute  glass  bubbles 
sre  fused,  gargantuan  reproductions  of  the  walls  of  coral  reefs.  He  was 
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Associate  Curator  1917-1921;  Curator  of  Living  Invertebrates  1922-1943, 
and  Curator- Emeritus  since  1943. 

The  central  theme  of  his  writing  and  of  his  designs  for  groups  in  the 
Museum  was  the  idea  of  evolution  in  Nature;  the  interrelations  of  plants 
and  animals.  It  was  expressed  particularly  in  the  arrangements  for  Darwin 
Hall.  His  concept  of  the  unity  in  Nature,  belief  in  the  virtue  of  goodness, 
and  triumph  of  right,  proceeded  from  his  character  and  personality,  his 
simple  and  straightforward  honesty,  integrity,  kindliness,  generosity,  and 
fine  sense  of  humor. 

His  ministry  in  the  field  of  education  was  continued  when,  on  his  re¬ 
tirement  from  the  American  Museum  of  Natural  History,  he  began  to  edit 
the  publications  of  The  New  York  Academy  of  Sciences.  For  twelve  years 
his  careful  supervision  and  critical  judgment  have  stamped  the  issues  of 
the  Annals  and  Transactions  of  the  Academy  and  the  parts  of  the  Scien¬ 
tific  Survey  of  Puerto  Rico  and  the  Virgin  Islands  published  since  1943. 
This  work  was  done  as  an  unpaid  officer  of  the  Academy,  whose  welfare 
was  one  of  his  dearest  concerns. 

In  addition  to  his  contributions  as  Curator  of  Marine  Life  at  the  Ameri¬ 
can  Museum  of  Natural  History  and  Editor  of  the  publications  of  The  New 
York  Academy  of  Sciences,  Doctor  Miner  published  many  magazine  and 
journal  articles,  reports  of  expeditions,  and  books  on  natural  history,  j 
Among  the  more  important  may  be  listed:  “Animals  of  the  Wharf  Piles”! 
(1912),  his  dissertation  on  “The  Pectoral  Limbs  of  Eryops  and  Other 
Primitive  Tetrapods”  (1925),  “Diving  in  Coral  Gardens”  (1933),  “The 
Kingdom  of  the  Tides”  (1934),  “Exhibition  Halls  of  the  American  Museum 
of  Natural  History”  (1939),  and  the  last  is  his  beautifully  illustrated 
“Field  Book  of  Seashore  Life”  (1950),  depicting  the  invertebrates  of  the 
Atlantic  Coast  of  North  America. 

Doctor  Miner  was  a  member  of  Sigma  Xi,  the  Association  of  Museums, 
the  Ecological  Society  of  America,  the  Geophysical  Union,  the  Arctic 
Institute  of  North  America,  the  Williams,  Explorers,  and  Lotos  Clubs  ol 
New  York,  and  a  fellow  of  the  Consular  Law  Society  and  the  New  York 
Zoological  Society. 

The  Council  of  The  New  York  Academy  of  Sciences  records  with  grate¬ 
ful  appreciation  the  long,  devoted,  and  valued  service  of  Doctor  Miner; 
member  since  1905,  fellow  since  1906,  Councillor  almost  continuously 
since  1924,  Assistant  Recording  Secretary  1905,  Recording  Secretary 
1926-1937;  Corresponding  Secretary  1939,  President  1940,  1941,  and 
Editor  of  the  publications,  1943-1955.  To  his  widow,  Eunice  Thomas 
Miner,  Executive  Director  of  this  Academy,  to  his  children  and  grand¬ 
children,  heart-felt  sympathy  is  extended. 

Prepared  and  read  by 
Horace  W.  Stunkard 
January  26,  1956 
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REPORT  OF  THE  ANNUAL  MEETING 


December  I,  1955 

The  138th  Annual  Meeting  of  the  Academy,  for  the  election  of  Fellows,  the 
pRsentation  of  reports,  and  the  transaction  of  other  business,  was  held  at  the 
Academy  Building  on  the  evening  of  Thursday,  December  1,  1955. 

The  first  order  of  business  was  devoted  to  the  reports  of  the  Officers  and 
Committees  of  the  Academy. 

REPORTS  OF  OFFICERS  AND  COMMITTEES 


Report  of  the  Recording  Secretary.  Twenty-one  years  ago  The  New  York 
.Academy  of  Sciences  initiated  its  policy  of  so  developing  this  Society  that  it 
light  become  one  of  the  most  outstanding  membership  scientific  institutions 
the  greatest  good  for  the  greatest  number.  This  is  still  its  goal  and  while, 
each  year,  the  reports  of  the  Officers  of  the  Academy  reveal  substantial  progress 
end  accomplishment,  it  is  evident  that  the  Academy  must  continue  to  grow  and 
'diversify  its  aspects  as  well  as  broaden  its  values  and  activities.  It  is  only 
•ith  our  determined  emphasis  that  such  a  goal  may  be  reached  and  by  contrib- 
iting  our  continued  aid  toward  its  growth  and  success  that  we  can  look  forward 
to  the  greatest  realization  of  its  potentialities  in  all  its  endeavors. 

Our  Members  are  certainly  cognizant  of  the  complexities  involved  and  the 
Tikes  to  be  achieved  in  large  scale  research  projects  and  of  the  far-reaching 
benefits  to  be  derived  from  them.  The  development  of  a  membership  society  is 
eqnally  as  complex  as  a  research  project  for,  because  of  its  varied  ramifications, 
vorthvdiile  objectives  can  rarely  be  accomplished  without  broad  and  compre- 
lensive  approaches  involving  years  of  planning  and  sometimes  careful  experi- 
ats  in  order  to  offer  values  meeting  or  exceeding  the  requirements  of  the 
-fubership. 

The  importance  of  the  Academy  to  the  Member  is  demonstrated  only  by  his 
iipression  of  continuing  interest  and  support  of  its  activities.  The  reports 
itted  to  the  Membership  at  this  time  are  evidence  that  the  Academy  is 
applying  all  of  its  available  resources  to  serve  effectively  its  Membership  as 
;11  as  science  at  large,  so  that,  in  return,  there  may  be  a  healthy  appreciation 
and  response  from  those  sources. 

It  is  obvious  from  the  reports  presented  at  this  meeting  that  the  program 
inned  more  than  20  years  ago  is  already  achieving  the  desired  results. 

We  wish  to  acknowledge  with  thanks  the  effective  cooperation  of  the  Staff  of 
the  Academy,  for  it  is  by  the  cordial,  united  endeavors  of  the  personnel  that 
the  services  offered  to  all,  by  the  Academy,  are  effectively  carried  out. 

Our  sincere  thanks  are  again  expressed,  this  year,  to  the  Women’s  Auxiliary 
for  its  successful  endeavors  in  raising  funds  to  aid  in  obtaining  furnishings  for 
the  Academy  Building,  as  is  evidenced  by  the  handsome  new  draperies  hanging 
m  the  West  Hall  on  the  first  floor  of  the  Building.  The  membership  of  the  Aux- 
livy  is  now  nearing  200.  The  Auxiliary  holds  three  meetings  each  year  at 
which  some  topic  of  interest  is  prese^ited  by  a  recognized  authority.  These 


lei;  meetings  are  well  attended  and  enjoyed  by  the  Members  of  the  Auxiliary  and 


their  guests.  The  Members  of  the  Academy  will  be  pleased  to  learn  that  their 
wives  and  other  ladies  interested  in  these  activities  are  entitled  to  join  the 
fonen’s  Auxiliary  and  enjoy  their  social  programs.  The  ladies  also  hold  two 
fractions  a  year,  a  Fall  Bazaar  and  a  Spring  Party  in  which  they  endeavor  to 
wise  money  for  such  furnishings  as  those  described  above.  We  are  grateful 
inileed  for  this  substantial  support  of  the  Academy  by  our  Women’s  Auxiliary. 

During  the  fiscal  year,  312  meetings  were  held  in  the  Academy  Building, 
including  Sectional  meetings.  Conferences,  and  Committee  and  Council  meetings 
nf  the  Academy,  as  well  as  the  meetings  of  43  other  societies  to  which  the 
Kcommodations  of  the  Building  were  extended. 

The  encouragement  offered  for  the  presentation  of  papers  at  the  Academy’s 
retings  has  brought  their  total  to  349,  an  increase  of  43  over  the  figure  of 
•St  year. 
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Ten  Conferences,  listed  below,  were  held  during  the  year  November,  1954,  to  ttei 
October,  1955.  This  series  of  meetings  is  not  only  most  impressive  because  of  sixty 
the  importance  of  the  subjects  selected,  but  also  because  of  their  significance  havii 
and  timeliness  in  contributing  to  the  knowledge  and  well-being  of  mankind.  All 


were  exceptionally  well  attended  and  unanimously  rated  by  the  participants  as  I  year 


pre-eminently  successful. 


"The  Regulation  of  Hunger  and  Appetite,"  November  19  and  20,  1954,  Chair* 
man,  Franklin  Hollander,  Gastroenterology  Research  Laboratory,  The  Mount 
Sinai  Hospital,  New  York,  N.  Y. 

"Psychotherapy  and  Counseling,"  December  3  and  4,  1954,  Chairmen, 
Laurence  K.  Frank  and  Rollo  May,  New  York,  N.  Y.,  with  five  Commissions  of 
Advisors  for  the  development  of  the  conference  selected  from  the  fields  of  Medi¬ 
cine,  Psychologty,  Social  Work,  Ministry,  and  Guidance  and  Counseling. 

"Biology  of  Poliomyelitis,"  January  20  and  21,  1955,  Organizing  Committee, 
Karl  Habel,  Chairman,  National  Institutes  of  Health,  Bethesda,  Md. ;  John  Enders, 
Children’s  Medical  Center,  Boston,  Mass.;  Howard  A.  Howe,  Johns  Hopkins 
University,  Baltimore,  Md.;  and  M.  J.  Kopac,  Graduate  School  of  Arts  and  Science, 
New  York  University,  New  York,  N.  Y. 

"Hydrocortisone,  Its  Newer  Analogs  and  Aldosterone  as  Therapeutic  Agents," 
January  26  and  27,  1955,  Chairman,  Joseph  W.  Jailer,  College  of  Physicians  and 
Surgeons,  Columbia  University,  New  York,  N.  Y. 

"Reserpine  in  the  Treatment  of  Neuropsychiatric,  Neurological,  and  Related 
Clinical  Problems,"  February  3  and  4,  1955,  Co-Chairmen,  Fredrick  F.  Yonk- 
man,  Frank  L.  Mohr,  and  Jock  L.  Graeme,  Research  Department,  CIBA  Pharma¬ 
ceutical  Products,  Inc. ,  Summit,  N.  J. 

"Bioflavonoids  and  the  Capillary,"  February  11,  1955,  Co-Chairmen,  Gustav  | 
J.  Martin,  The  National  Drug  Company,  Philadelphia,  Pa.;  and  Albert  Szent-  ' 
Gyorgyi,  Institute  for  Muscle  Research,  Woods  Hole,  Mass.  ! 

"Dynt.nic  Anthropometry,"  April  15  and  16,  1955,  Chairman  Earl  W.  Count, 
Hamilton  College,  Clinton,  N.  Y. 

"Ascites  Tumors  as  Tools  in  Quantitative  Oncology,"  May  19  and  20,  1955,  ! 
Chairman,  Theodore  S.  Hauschka,  Roswell  Park  Institute,  Buffalo,  N.  Y.  i 

"Nutrition  in  Infection,"  May  24  and  25,  1955,  Chairman,  W.  A.  Wright,  j 
Medical  Director,  Pfizer  Laboratories  Division,  Chas.  Pfizer  &  Company,  Inc.,  j 
Brooklyn,  N.  Y.  I 

"Cancer  Cytology  and  Cytochemistry,”  May  26,  27,  and  28,  1955,  Chairman,  j 
M.  J.  Kopac,  Graduate  School  of  Arts  and  Science,  New  York  University,  New  j 
York,  N.  Y. 


These  Conferences  are  carried  on  by  specialists  who  are  outstanding  in  their 
several  fields.  We  look  forward  to  the  Members  to  continue  their  interest  in 
developing  the  Conferences  so  that  there  may  result  further  exploration  and  ex¬ 
pansion  of  the  Member’s  respective  fields  of  research,  and  so  that  the  mono¬ 
graphs  based  upon  these  meetings  may  be  disseminated  throu^out  the  world 
wherever  they  may  do  the  most  good. 

It  is  with  deep  and  sincere  appreciation  that  thanks  are  here  expressed  to  the 
Chairmen  and  other  investigators  who  contributed  so  much  toward  the  successful 
development  of  these  Conferences,  as  well  as  to  the  Officers  of  the  various 
Sections  'and  the  Division  of  Mycology  whose  energetic  efforts  in  organizing  the 
important  reg;ular  evening  meetings  have  added  to  the  noteworthy  success  of  the 
Academy  during  the  past  year. 

While  the  goal  of  10,000  Members,  which  we  desired  to  reach  by  October  31, 
was  not  achieved  at  that  time,  that  figure  was  actually  realized  two  weeks  later, 
on  November  14,  1955.  The  increase  in  Membership,  at  October  31,  however,  was 
12  per  cent  for  this  year. 

During  this  year  ending  October  31,  1955,  1,834  new  Members  were  added  to 
our  rolls,  as  follows:  2  Honorary  Life  Members;  8  Active  Life  Members;  1  Corpora¬ 
tion  Member;  102  Sustaining  Members;  1,685  Annual  Active  Members;  and  36 
Student  Members.  Sixty  former  Members  were  reinstated,  thus  making  a  gross 
total  of  1,894  names  added  to  the  current  membership  rolls.  Fourteen  transfers  , 
were  effected  in  the  Annual  Classes.  I 

The  Academy  lost  by  death  1  Patron;  7  Honorary  Life  Members;  7  Active  Life  I 
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lletnbers;  8  Sustaining  Members,  and  40  Annual  Active  Members.  Two  hundred  and 
sixty-nine  resignations  were  accepted  and  365  Members  were  dropped  as  not 
having  paid  dues  or  for  not  having  qualified  for  Membership. 

The  Academy  now  stands  with  a  net  gain  of  1,197  Members  for  the  current 
year.  There  are  at  present  upon  the  rolls  of  the  Academy  9,931  Members,  of 
■horn  932  are  Fellows,  classified  as  follows: 


3  Benefactors 
2  Patrons 

58  Honorvy  Life  Members 
386  Active  Life  Members 


419  Sustaining  Members 
8,957  Annuad  Active  Members 
99  Student  Members 
7  Corporation  Members 


Record  is  made  with  regret  of  the  death  of  the  following  Members: 

Patron 

John  A.  Roebling,  elected  to  Life  Membership,  24  October,  1910;  transferred  to 
Patron  Class,  December,  1917.  Died  6  Feb^ary,  1952. 


Active  Life  Members 

Charles  P.  Berkey,  elected  to  Active  Membership,  6  February,  1905;  transferred  to 
Life  Membership  24  January,  1935.  Died  22  August,  1955.  Fellow.  President 
of  the  Academy  1928*1929. 

C.  B.  Bliss,  elected  to  Active  Membership,  11  April,  1896;  transferred  to  Life 
Membership,  24  August,  1898.  Died  July,  1955.  Fellow. 

Henry  J.  Cochrsn,  elected  to  Life  Membership,  1  February,  1915.  Died  1  September, 
1952. 

Frederick  Coykendal,  elected  to  Active  Membership,  2  October,  1916;  transferred 
to  Life  Membership,  24  March,  1949.  Died  18  November,  1954.  Fellow. 

Charles  A.  Myers,  elected  to  Active  Membership,  5  December,  1921;  transferred 
to  Life  Membership,  15  July,  1948.  Died  29,  July,  1955. 

John  Roger,  elected  to  Active  Membership,  2  October,  1916;  transferred  to  Life 
Membership,  7  November,  1916.  Died  February,  1955. 

Andrew  Yeomans,  elected  to  Active  Membership,  24  March,  1949;  transferred  to 
Life  Membership,  13  January,  1950. 


Sustaining  Members 

E.  Mabel  Clark,  elected  to  Active  Membership,  8  January,  1917;  transferred  to 
Sustaining  Membership,  23  January,  1941.  Died  16  Feb^ary,  1955. 

Edwara  Spencer  Cowlea,  elected  to  Active  Membership,  1  March,  1937;  transferred 
to  Sustaining  Membership,  27  October,  1938.  Died  16  November,  1954.Fellow. 

John  Elliott,  elected  to  Sustaining  Memb^ship,  15  July,  1952.  Died  11  August, 
1954. 

Martin  Friedrich,  elected  to  Sustaining  Membership,  15  December,  1952.  Died 
October,  1954. 

Ernest  E.  Hadley,  elected  to  Sustaining  Membership,  6  May,  1940.  Died  10 
August,  1954. 

Robert  H.  Halsey,  elected  to  Sustaining  Membership,  2  October,  1916.  Died  15 
September,  1955.  Fellow. 

Edgar  G.  Miller,  elected  to  Active  Membership,  6  April,  1925;  transferred  to  Sus¬ 
taining  Membership,  23  February,  1939.  Died  28  June,  1955.  Fellow. 

Paul  Arthur  O’Leary,  elected  to  Sustaining  Membership,  15  May,  1953.  Died  20 
July,  1955.  Fellow. 


Active  Members 

Thomas  G.  Andrews,  elected  to  Associate  Membership,  4  April,  1938;  transferred 
to  Active  Membership,  26  February,  1948.  Died  23  July,  1954. 

Adolph  Bernhard,  elected  to  Active  Membership,  27  January,  1948.  Died  1 
December,  1954. 

Walter  N.  Brown,  Jr.,  elected  to  Active  Membership,  17  May,  1954.  Died  12 
September,  1955. 

Henry  Bunting,  elected  to  Active  Membership,  20  November,  1947.  Died  1955. 
Peter  J.  Conroy,  elected  to  Active  Membership,  3  November,  1941.  Died  19  June, 
1955. 

Gustav  Egloff,  elected  to  Active  Membership,  17  June,  1938.  Died  29  April, 
1955.  Fellow. 

Norman  Carter  Fassett,  elected  to  Active  Membership,  24  April,  1952.  Died  1954. 
John  H.  Ferguson,  elected  to  Active  Membership,  20  November,  1952.  Died  15 
February,  1955. 

Walter  M.  Furst,  elected  to  Active  Membership,  15  May,  1953.  Died  6  December, 

1954. 

William  Galt,  elected  to  Active  Membership,  3  February,  1941.  Died  5  February, 

1955. 
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Louise  H.  Gregory,  elected  to  Active  Membership,  4  March,  1929.  Died  l 
November,  1954.  Fellow. 

Albert  F.  Guiteras,  elected  to  Active  Membership,  15  August,  1947.  Died  26 
May,  1955. 

Olive  Lord  Ives,  elected  to  Active  Membership,  23  January,  1947.  Died  April, 
1955. 

Richard  Jahiel,  elected  to  Active  Membership,  27  January,  1949.  Died  July,  1954, 
Barnett  Kessler,  elected  to  Active  Membership,  22  April,  1954.  Died  1954, 
Gertrude  Komfeld,  elected  to  Active  Membership,  2  December,  1940.  Died  4  July, 
1955.  Fellow. 

Arthur  K.  Kuhn,  elected  to  Active  Membership,  2  March,  1925.  Died  October, 
1954. 

Milton  Lesser,  elected  to  Active  Membership,  28  February,  1952.  Died  31 
January,  1955. 

Howard  B,  Lewis,  elected  to  Active  Membership,  15  July,  1946.  Died  March, 

1954.  Fellow. 

Thomas  H.  Lorenz,  elected  to  Active  Membership,  27  May,  1955.  Died  18  June, 

1955. 

B.  V.  A.  Low-Beer,  elected  to  Active  Membership,  30  June,  1954.  Died  25 
September,  1955. 

Rose  Lubschez,  elected  to  Active  Membership,  27  January,  1949.  Died  18 
January,  1955. 

John  Putnam  Marble,  elected  to  Associate  Membership,  6  March,  1939;  trans¬ 
ferred  to  Active  Membership,  22  January,  1948.  Died  7  June,  1955.  Fellow. 
Elizabeth  T.  Mesier,  elected  to  Active  Membership,  25  January,  1945.  Died 
August,  1955. 

Carl  M.  Owen,  elected  to  Active  Membership,  22  October,  1953.  Died  1955. 
Robert  L.  Peck,  elected  to  Active  Membership,  28  February,  1946.  Died  18 
March,  1954. 

Sidney  A.  Portis,  elected  to  Active  Membership,  13  June,  1952.  Died  24  May, 

1954. 

Nathan  Rosenthal,  elected  to  Active  Membership,  30  June,  1954.  Died  29  June, 

1955. 

Ilya  Mark  Scheinker,  elected  to  Active  Membership,  23  April,  1953.  Died  26 
August,  1954. 

Elias  Schneider,  elected  to  Active  Membership,  23  October,  1952.  Died  20  June, 
1955. 

Theodore  I,  Schneider,  elected  to  Active  Membership,  27  April,  1944.  Died  11 
November,  1954. 

Samuel  Seidlin,  elected  to  Active  Membership,  23  October,  1952.  Died  2  January, 
1955. 

Frances  I.  Seymour,  elected  to  Active  Membership,  23  October,  1952.  Died  July, 
1955, 

Noel  F,  Shambaugh,  elected  to  Active  Membership,  18  June,  1940.  Died  30  May, 
1955. 

Joseph  Shiffer,  elected  to  Active  Membership,  15  July,  1953.  Died  19  April,  1955. 
Joseph  Victor,  elected  to  Active  Membership,  22  January,  1948.  Died  October, 
1954. 

Andrew  Weill,  elected  to  Active  Membership,  23  April,  1953.  Died  October, 
1954. 

Jules  H.  Weinstein,  elected  to  Active  Membership,  24  January,  1952.  Died  26 
July,  1954. 

Nathan  D.  Wilensky,  elected  to  Active  Membership,  15  June,  1951.  Died  30 
August,  1954. 

Charles  J.  Wohlken,  elected  to  Active  Membership,  16  November,  1950.  Died  12 
January,  1955. 


Report  of  the  Corresponding  Secretary.  There  are,  at  present,  upon  the  rolls 
of  the  Academy,  58  Honorary  Life  Members.  The  Corresponding  Secretary  takes 
this  opportunity  to  present  the  Members  of  the  Academy  with  an  up-to-date  list  of 
the  Honorary  Life  Membership  Class: 


Sven  Olof  Asplund . 

William  Thomas  Astbury 

Oswald  T.  Avery . 

Ernst  David  Bergmann  .. 
Charles  Herbert  Best,... 

Niels  Bjerrum . 

Niels  Bohr . 

Henri  Breuil . 

MacFarlane  Burnet . 

Adolf  F.  J.  Butenandt ... 

M.  Albert  Caquot . 

Alfonso  Caso . 

Maurice  Caullery  . 

James  Bertram  Collip,... 

Arthur  H.  Compton . 

Eduardo  Cruz-Coke . 


.  Gothenburg,  Sweden 

. Leeds,  England 

. Nashville,  Tennessee 

. Tel-Aviv,  Israel 

. Toronto,  Canada 

Copenhagen  Valby,  Denmark 

.  Copenhagen,  Denmark 

.  Paris,  France 

. Victoria,  Australia 

. Tubingen,  Germany 

. Paris,  France 

. Mexico,  D.F.,  Mexico 

. Paris,  France 

. London.  Canada 

. St.  Louis,  Missouri 

. . Santiago,  Chile 
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Henrlque  Da  Rocha  Lima  ,, 

Henry  Dale . 

Thomas  DallinE . 

Clinton  J.  Davisson  . 

Peter  J.  W.  Debye . 

Albert  Defant . 

Ulick  R.  Evans . 

Emmanuel  Faure-Fremiet,., 

Howard  Walter  Florey . . 

Ross  Granville  Harrison..., 
David  Kennedy  Henderson , 

Bernardo  A.  Houssay . 

Julian  S.  Huxley . 

Christopher  Kelk  Ingold.... 

Harold  Jeffreys . 

Peter  Kapitza . 

Albert  J  an  Kluyver . 

Alfred  L.  Kroeber . 

Hugo  Rudolph  Kruyt . 

Irving  Langmuir . 

K.  S.  Lashley . 

Kaj  U.  Linderstrom-Lang... 

Robert  H.  Lowie . 

Vladimir  A.  Obruchev . 

Marcus  L.  E.  Oliphant . 

Jean  Piaget . 

Henri  Pieron . 

A.  R.  Radcliffe-Brown . 

Gaston  Leon  Ramon . 

C.  G.  Rossby . 

John  A.  M.  Runnstrom . 

Henry  Norris  Russell . 

Erik  A.  Stensio . 

Th.  Svedberg . . 

Harald  U,  Sverdrup. . 

Nicholas  H.  Swellengrebel 

Albert  Szent-Gyorgyi . 

Ame  Tlselius . 

Felix  A.  Vening-Meinesz .. 

Max  Von  Laue . 

M.  S.  Watson . 

Rudolf  Weigl . 


. Sao  Paulo,  Brazil 

. London,  England 

. Rome,  Italy 

. Charlottesville,  Virginia 

.  Ithaca,  New  York 

.  Innsbruck,  Austria 

. Cambridge,  England 

.  Paris,  France 

. .  Oxford,  England 

.  New  Haven,  Connecticut 

. .  Edinburgh,  Scotland 

. Buenbs  Aires,  Argentina 

. London,  England 

. London,  England 

. . Cambridge,  England 

. Moscow,  U.S.S.R. 

. Delft,  Holland 

. Berkeley,  California 

. The  Hague,  Holland 

.  Schenectady,  New  York 

. . Orange  Park,  Florida 

Copenhagen  Valby,  Denmark 

. Berkeley,  California 

. Moscow,  U.S.S.R. 

. Canberra,  Australia 

.  Geneva,  Switzerland 

. Paris,  France 

..  Grahamstown,  South  Africa 

. . Paris,  France 

.  Stockholm,  Sweden 

. Stockholm,  Sweden 

. Princeton,  New  Jersey 

. Stockholm,  Sweden 

. Uppsala,  Sweden 

. Oslo,  Norway 

. Amsterdam,  Holland 

.Woods  Hole,  Massachusetts 

. Uppsala,  Sweden 

.  Anersfoort,  Holland 

. Berlin,  Germany 

. London,  England 

.  Cracow,  Poland 


Record  is  made  with  regret  of  the  death  of  the  following  Honorary  Life 
Members: 


Liberty  Hyde  Bailey,  Ithaca,  New  York,  elected  December  4,  1952.  Died  December 
25,  1954, 

Pere  Pierre  Teilhard  De  Chardin,  New  York,  New  York,  elected  December  15, 
1937.  Died  April  10,  1955. 

j  Alexander  Fleming,  London,  England,  elected  December  15,  1943.  Died  March 
I  11,  1955. 

II  Arthur  Keith,  Famboro,  England,  elected  December  11,  1940.  Died  1955. 

Charles  Palache,  Charlottesville,  Virginia,  elected  December  15,  1937.  Died 
December  5,  1954. 

!  George  H.  Parker,  Cambridge,  Massachusetts,  elected  December  16,  1935.  Died 
]  1955. 

I  Johannes  H.  F.  Umbgrove,  Delft,  Holland,  elected  December  1.,  1945.  Died  June 
14,  1954. 


Report  of  the  Editor.  During  the  fiscal  year  ending  October  31,  1955,  The  New 
Tork  Academy  of  Sciences  has  published  29  monographs,  comprising  a  total  of 
3766  pages.  Included  in  these  are  343  papers  by  578  authors.  The  pagination  of 
tie  TRANSACTIONS  (652  pages)  brings  the  total  pagination  issued  to  4418 
ptges.  The  list  of  publications  issued  during  the  fiscal  year  is  as  follows: 


ANNALS 


I  Volume  58,  Article  7,  “Tissue  Culture  Technique  in  Pharmacology"  (28  papers),  by  C, 
M.  Pomerat,  et  at.  Pages  971-1326.  Published  November  17,  1954. 

Volume  59,  Article  3,  “The  Relation  of  Immunology  to  Tissue  Homotransplantation"  (24 
7  pepers),  by  J.M.  Converse,  et  at.  Pages  277-466.  Published  January  24,  1955. 

IVolune  59,  Article  4,  '‘Ionizing  Radiation  and  the  Cell"  (15  pcqoers),  by  L.  F.  Nims,  et  at. 
Psges  467-664.  Published  February  3,  1955. 
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Volume  59,  Article  5,  “Leukocytic  Functions  (25  papers),  by  A.  S.  Gordon,  et  at.  Pssei 
665-1070.  Published  March  24,  1955. 

Volume  60,  Article  2,  “6-Mercaptopurine’’  (41  papers),  by  G.  H.  Hitchings,  et  at.  Pant 
183-508.  Published  December  6,  1954. 

Volume  60,  Article  3,  “New  Age  Determinations  by  the  Lead  Method,"  (1  paper),  by  J, 
L.  Kulp,  et  at.  Pages  509-520.  Published  December  15,  1954. 

Volume  60,  Article  4,  “A  General  Theory  of  Association"  (1  paper),  by  Robert  Ginell. 
Pages  521-540.  Published  April  28,  1955. 

Volume  60,  Article  5,  “Recent  Advances  in  the  Study  of  the  Structure,  Composition,  and 
Growth  of  Mineralized  Tissues"  (16  papers),  by  Roy  O.  Greep,  et  at.  Pages  541-g0(. 
Published  April  27,  1955. 

Volume  60,  Article  6,  “Instrumentation"  (16  papers),  by  Joseph  Greenspan,  et  at.  Pagei 
807-964.  Published  April  30,  1955. 

Volume  60,  Article  7,  “Molecular  Events  in  Differentiation  Related  to  Specificity  of  Call 
Type"  (12  papers),  by  H.  C.  Dalton,  et  at.  Pages  965-1160.  Published  June  2,  1955. 

Volume  61,  Article  1,  “Reserpine  in  the  Treatment  of  Neuropsychiatric,  Neurqlogical,  and 
Related  Clinical  Problems"  (31  papers)  by  F.  F.  Yonkman,  et  at.  Pages  1-280.  Pub¬ 
lished  April  15,  1955. 

Volume  61,  Article  2,  “Hydrocortisone,  Its  Newer  Analogs  and  Aldosterone  as  Thera¬ 
peutic  Agents"  (39  papers),  by  J.  W.  Jailer,  et  at.  Pages  281-636.  Published  May  27, 
1955. 

Volume  61,  Article  3,  “Bioflavonoids  and  the  Capillary"  (13  papers),  by  G.  J.  Martin, 
et  at.  Pages  637-736.  Published  July  8,  1955. 

Volume  62,  Article  1,  “On  the  Development  and  Reproduction  of  the  Anthromedutan 
Margetopala  haechetl  Hartlaub"  (1  paper),  by  Bernhard  Werner,  Pages  1-30.  Published 
August  12,  1955. 

Volume  62,  Article  2,  “Cardiovascular  and  Respiratory  Responses  to  Elevation  of  Cerebro¬ 
spinal  Fluid  Pressure  in  the  Cat"  (1  paper),  by  C.  A.  White,  et  at.  Pages  31-68.  Pub¬ 
lished  August  19,  1955. 

Volume  62,  Article  3,  “Radiogenic  Origin  of  the  Helium  Isotopes  in  Rock"  (1  paper),  by 
P.  Morrison,  et  at.  Pages  69-92.  Published  September  1,  1955. 

Volume  62,  Article  4,  “Drop  Density,  Weight,  Volume,  and  Time  Variations  During 
Chromatographic  Column  Development"  (1  paper),  by  N.  A,  Solomon,  et  at.  Pages  93- 
104.  Published  September  2,  1955. 

Volume  62,  Article  5,  “Chlorine-36  in  Nature"  (1  paper),  by  Raymond  Davis,  Jr.,  et  al. 
Pages  105-122.  Published  September  6,  1955. 

Volume  62,  Article  6,  “On  the  Mechanism  of  Skeletal  Fixation  of  Radium"  (1  paper),  by 
W.  F,  Neuman,  et  at.  Pages  123-136.  Published  September  7,  1955. 

Volume  62,  Article  7,  “Effects  of  Bromide,  Nitrate,  and  Iodide  on  Responses  of  Skeletal 
Muscle"  (1  pc^er),  by  A.  J.  Kahn,  et  at.  Pages  137-176.  Published  September  15,  1955. 

Volume  62,  Article  8,  “On  the  Isotopic  Constitution  of  Radium (Ra-223/Ra-226) in  Uranium 
Minerals  and  Recent  Problems  of  Geochronology"  (1  paper),  by  P,  A.  Kuroda.  Pages 
177-208.  Published  September  30,  1955. 

Volume  62,  Article  9,  “Glutathione  Control  of  the  Specific  Feeding  Reactions  of  Hydra" 
(1  paper),  by  W.  F.  Loomis,  Pages  209-228.  Published  October  3,  1955. 

Volume  62,  Article  10,  “Electron  Microscopical  Observations  on  Spiroatomum  Ambiguum 
(1  pcq>er),  by  Harold  E,  Finley.  Pages  229-246.  Published  October  10,  1955. 

Volume  62,  Article  11,  “Olfaction"  (1  paper),  by  L.  J.  Mullins.  Pages  247-276.  Published 
October  27,  1955. 

Volume  62,  Allele  12,  “Alteration  of  a  Conditioned  Avoidance  Tendency  by  a  Procedure 
of  Adaptation  to  the  Unconditioned  Stimulus"  (1  paper),  by  Abraham  Greenfield.  Pages 
277-294.  Published  October  27,  1955. 

Volume  62,  Article  13,  “Conversion  Factors  for  Silicate  Analyses"  (1  paper),  by  Jack 
Green,  Pages  295-326.  Published  October  28,  1955. 

Volume  63,  Article  1,  “The  Regulation  of  Hunger  and  Appetite"  (14  papers),  by  F. 
Hollander,  et  at.  Pages  1-144.  Published  July  15,  1955. 

Volume  63,  Article  2,  “Nutrition  in  Infections"  (17  papers),  by  W.  A.  Wright,  et  at.  Pages 
145-318.  Published  October  28,  1955. 

In  addition  to  the  articles  published  above,  the  following  monograph  was  pub¬ 
lished  during  November  1955  after  the  close  of  the  fiscal  year: 

Volume  63,  Article  3,  “Psychotherapy  and  Counseling"  (18  papers),  by  L.  Frank,  et  al. 
Pages  321-432.  Published  November  7,  1955. 


TRANSACTIONS 

Series  II,  Volume  17,  Numbers  1-8,  consisting  of  652  pages,  covering  the 
period  from  November  1954  to  June  1955,  inclusive,  was  completed,  printed  and 
distributed  during  the  calendar  year. 


ANNALS  IN  PRESS 

In  addition  to  the  published  volumes  listed  above,  the  following  monographs 
are  now  being  prepared  for  publication: 
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I  Volume  63.  Article  4,  "Dynamic  Anthropometry"  (14  papers),  by  E.  W.  Count,  e(  at.  Pages 
436-528.  Now  in  press, 

(Volume  63,  Article  5,  "Ascites  Tumors  as  Tools  in  Quantitative  Oncology."  Now  being 
let  in  galley. 

Volume  62,  Article  IS,  "Nutritional  Factors  in  Thermophily:  A  Comparative  Study  of 
ll  Bacilli  and  Euglena.  "  Now  being  printed. 

j  Volume  62,  Article  16,  "A  Hypothesis  for  a  Mechanism  of  Cardiac  Glycoside  Action,"  by 
I  Charles  D.  Proctor,  John  Rebar,  Jr.,  &  Blanche  Tigerman.  Now  being  printed. 

I  Volume  62,  Article  17,  "Quantitative  Relations  between  Liver  Mitochondria,  Metabolism 
I  and  Total  Body  Weight  in  Mammals,"  by  Robert  E,  Smith,  Now  in  page, 
j  Volume  62,  Article  18,  "The  Spin  of  Thorium  C',"  by  Arthur  Beiser.  Now  in  galley. 

I  Volume  62,  Article  19,  "Lead  Isotopes  as  a  Key  to  the  Radioactivity  of  the  Earth’s 
f  Mantle,’’  by  R.  D.  Russell.  Now  in  galley. 

;  Volume  62,  Article  20,  "Extinct  Natural  Radioactivity,"  by  Truman  P.  Kohman.  Now  in 
I  galley. 

I  Volume  62,  Article  21,  "An  X-ray  Study  of  Uraninite,"  by  William  J.  Croft.  Now  in  galley, 
f  Volume  63,  Article  6,  "Cancer  Cytology  and  Cytochemistry."  Manuscript  now  being  set  in 
galley. 

I 

From  November  1,  1954,  to  October  31,  1955,  the  Academy  distributed  409,423 
separate  publications  and  18,905  complete  volumes  of  the  various  series  as 
follows: 


Separate 

Numbers  Volumes 


Annals 

Members .  80,907 

Gratis:  Authors,  reviews,  exchanges  hnd  donors .  13,834 

i  Sales .  174,321  264 

i  Authors  reprints .  94,100 

Transactions 

Members.*. .  14,713  9,552 

Gratis:  Authors,  reviews  and  exchanges .  4,052 

'  Sales .  216  184 

I  Authors  reprints .  18,400 

I  Special  Publications,  Volumes  I,  III,  IV 

j  Gratis:  Individuals,  reviews .  3 

I  Sales .  61 

;  Scientific  Survey  of  Porto  Rico  and  the  Virgin  Islands 

j  Gratis .  22  8 

I  Monthly  Program 

}  Members .  3,320  8,801 

I  Sales .  2,849 

I  Gratis:  Individuals .  2,562 


409,423  18,905 


I  The  total  list  value  of  publications  distributed  to  the  members,  and  gratis  to 
authors,  donors,  reviewers,  and  exchange  institutions  is  $329,391.11.  (Members 
$281,5%.  16— other  recipients  $47,800.95). 

The  Elditor  is  pleased  to  report  that  the  Academy’s  printing  presses  have 
operated  so  effectively  and  economically  that,  in  conjunction  with  Academy  work 
being  done  by  outside  printers,  they  have  made  possible  the  publication  of  a 
total  of  4,418  pages  during  the  past  fiscal  year.  This  exceeds,  by  far,  that  of 
any  previous  year  in  the  history  of  the  Academy, 

r  Report  of  the  Treasurer.  The  Report  of  the  Treasurer  covers  the  Balance 
I  Sheet  of  Assets  and  Liabilities  in  addition  to  the  Statement  of  Income  and  Ex- 
j  penses  for  the  1955  Fiscal  Year,  November  1,  1954,  to  October  31,  1955. 'These 
1  statements  thus  present  the  financial  status  of  the  Academy  as  of  October  31, 
I  1955,  and  in  all  accounts  reflecting  the  closing  figures  at  that  date. 


TRANSACTIONS 


The  Academy  has  shown  additional  progress  in  its  financial  position  during 
this  past  year  and  has  achieved  its  stated  goal  of  exceeding  one  million  dollars 
in  total  assets.  These  now  amount  to  $1,075,934.96,  which  is  a  total  increase  in 
assets  for  this  current  year  of  $117,787.30,  or  12V4  per  cent  above  the  closing 
figures  of  1954.  This  increase  is  credited  into  several  categories  of  the  Academy’s 
accounts,  as  follows; 


General  Operating  Accounts 
Endowment  Funds 
Building  Fund  (Investments) 

Prize  Funds  (Income  Only) 
Contributions  for  Special  Allocation 


$  14,810.43 
94,272.96 
2,144.88 
414.95 
6,144.08 

$117,787.30 


The  Finance  Committee  should  be  especially  commended  for  its  admirable 
management  of  the  Academy’s  invested  funds  during  the  Fiscal  Year  1955.  By 
careful  analysis  of  the  Academy’s  investment  portfolio  and  close  study  of  the 
market  conditions,  the  Reserve  Account  for  Capital  Gains  and  Losses  has  been 
itereased  by  $92,311.09,  thus  bringing  the  standing  total  of  this  account  to 
$203,913.38. 

Contributions  received  in  1955,  including  grants>in>aid  and  other  cash  dona¬ 
tions  to  the  work  of  the  Academy,  totaled  $43,639.09.  These  donations  were 
given  to  aid  in  covering  expenses  of  conferences,  travel  expenses  of  speakers, 
expenses  of  publications,  new  curtains  in  the  West  Hall,  and  use  of  the  Building. 

In  addition,  a  total  of  $1,961.87  was  added  to  the  Endowment  Funds,  as 
follows: 

A  bequest  of  $1,000  was  received  from  the  Estate  of  the  late  John  Roger,  a 
former  Life  Member  of  the  Academy.  Since  this  bequest  carried  no  conditions, 
the  Council  has  established  the  principal  as  an  endowment  fund,  the  income  to 
be  applied  toward  prime  publication  costs. 

The  Nathaniel  Lord  Litton  Fund  has  now  reached  its  total  amount  $30,039.77, 
with  the  final  payment,  in  1955,  amounting  to  $848.37,  completing  the  bequest. 

The  Publication  Fund  has  been  increased  by  $113.50,  received  as  small  con¬ 
tributions  from  the  Membership  and  friends  of  the  Academy  during  the  past  year. 

It  is  hoped  that  this  Fund,  now  totaling  $3,180.00,  may  reach  an  important  sire 
at  some  time  in  the  future  and  any  donations  received  for  its  increase  will  be 
deeply  appreciated. 

The  closing  current  surplus  for  general  operating  funds  is  $6,988.26.  This 
is  the  net  operating  current  surplus,  having  been  reduced  from  $46,113.58  by 
deducting  the  sum  of  $39,125.32,  amortization  of  mortgage  paid  by  general 
funds.  This  has  been  transferred  in  order  to  establish  the  total  amortization 
paid  on  the  mortgage  principal  as  an  equity  in  the  current  capital  liabilities  | 
which,  with  the  unpaid  mortgage  balance  of  $160,874.68,  already  in  the  liabili¬ 
ties,  will  equalize  the  land  value  of  $200,000.00  in  the  Capital  Assets. 

The  Academy  ended  this  Fiscal  Year  with  no  outstanding  current  payables 
except  for  the  sum  of  $1,240.36,  which  is  due  for  payment  in  the  next  Fiscal 
Year,  Cash  has  been  reserved  in  the  general  operating  funds  for  payment  of  this 
item.  The  Academy  has  been  most  fortunate  in  closing  its  books  of  accounting 
each  month  of  this  Fiscal  Year  with  all  paynrents  made  on  its  current  indebted¬ 
ness.  I 

The  Treasurer  takes  pleasure  in  repeating  a  statement  made  to  the  Council  in 
November  1954,  to  the  effect  that  these  closing  figures  “continue  to  reflect  the 
steady  and  substantial  progress  being  made  by  the  Academy  which  is  ending  this 
Fiscal  Year  in  the  strongest  financial  position  of  its  history.’’ 

This  is  a  record  of  which  we  are  all  proud,  but  it  will  require  the  coordinated 
efforts  of  the  Council,  Staff,  and  Members  of  the  Academy  not  only  to  maintain, 
but  to  improve  upon  it  in  the  coming  year. 

The  books  of  accounting  have  been  checked  and  audited  by  the  firm  of  Peat, 
Marwick,  Mitchell  8g  Co.,  Certified  Public  Accountants.  The  property  of  the 
Academy  has  been  verified  by  the  Auditors  and  by  the  Finance  Committee  of  the 
Academy. 
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The  report  of  the  Auditors,  together  with  this  summary  of  the  Treasurer’s 
Report  have  been  approved  by  the  Finance  Committee  as  of  November  22,  1955, 
^  as  provided  in  the  Bylaws. 

D 

's  i 

I  Report  of  the  Auditors 

I  Peat,  Marwick,  MITCHELL  as  CO. 

;  Certified  Public  Accountants 

Seventy  pine  Street 
NEW  YORK  5.  N.  y. 

Accountants'  Report 

j  To  the  Finance  Committee 

The  New  York  Academy  of  Sciences 

New  York,  N.  Y. 
e 

y  We  have  examined  the  balance  sheet  of  The  New  York  Academy  of  Sciences 
e  as  of  October  31,  1955,  and  the  related  statement  of  General  Fund  income  and 

n  npenses  and  surplus  for  the  year  then  ended.  Our  examination  was  made  in 

0  accordance  with  generally  accepted  auditing  standards,  and  accordingly  included 
such  tests  of  the  acco'.inting  records  and  such  other  auditing  procedures  as  we 
!•  I  considered  necessary  in  the  circumstances. 

e  The  cash  and  bank  balances  have  been  confirmed  by  count  or  by  certificate 

,  obtained  directly  from  the  depositary.  The  cash  held  by  J.  R.  Williston  8e  Co., 

'f  carried  for  the  purchase  of  securities,  has  been  confirmed  by  acknowledgment 
s  from  the  custodian. 

We  did  not  confirm  the  members’  dues  or  the  pledges  receivable  by  communi* 
a  cation  with  the  respective  members  or  pledgers.  We  communicated  with  all 

>  debtors  on  accounts  receivable  for  publications  and  on  a  test  basis  with  those 

3  00  accounts  receivable  for  use  of  building,  etc.  by  mailing  the  Academy’s  state¬ 

ments  for  the  month  of  October  accompanied  by  a  request  that  we  be  notified  of 

I  any  exceptions.  The  exceptions  reported  were  explained  to  our  satisfaction. 

Provision  has  not  been  made  for  possible  loss  in  collection  of  dues,  pledges  and 
-  accounts  receivable. 

The  inventory  of  the  printing  division  is  stated  in  accordance  with  a  physical 

>  inventory  taken  and  valued  by  employees  of  the  Academy  and  certified  by  the 
i  Executive  Director  as  to  description,  quantities,  condition  and  valuation.  We 

made  tests  of  the  quantities,  prices  and  computations.  The  balance  sheet  does 

>  not  reflect  the  books  and  publications  on  hand  at  October  31,  1955,  as  it  is  the 
'  policy  of  the  Academy  to  charge  publication  costs  to  expense  as  incurred. 

^  The  fund  investments  were  inspected  and  the  income  therefrom  was  confirmed 
'  by  reference  to  independent  sources. 

’  I  We  inspected  the  deed  to  the  real  estate  at  2  East  63rd  Street,  New  York,  con¬ 
tributed  to  the  Academy  in  1949.  It  is  carried  in  the  balance  sheet  at  the  valua¬ 
tion  as  assessed  by  the  City  of  New  York  for  real  estate  tax  purposes  as  of  the 
‘  date  of  the  contribution.  The  furniture,  fixtures  and  equipment  comprise  fumish- 
^  ings  contributed,  to  which  a  value  of  $10,000.00  was  assigned,  and  purchases  to 
'  I  October  31,  1953.  The  cost  of  equipment  purchases  since  that  date  has  been 
!  I  charged  to  the  income  of  the  General  Fund.  In  conformity  with  the  practice  usually 
'  I  followed  by  similar  organizations,  the  Academy  does  not  provide  for  depreciatipn 
of  the  furniture,  fixtures,  and  equipment  or  of  the  building. 

'  All  liabilities  of  which  we  obtained  knowledge  as  a  result  of  our  examination 
have  received  appropriate  recognition. 

In  our  opinion,  subject  to  the  foregoing  comments,  the  accompanying  balance 
sheet  and  statement  of  General  Fund  income  and  expenses  and  surplus  present 
j  fairly  the  financial  position  of  The  New  York  Academy  of  Sciences  at  October 

1  31,  1955,  and  the  results  of  its  operations  for  the  year  then  ended,  on  a  basis 
consistent  with  that  of  the  preceding  year.  ’ 

/ s/  Peat,  Marwick,  Mitchell  Ik  Co. 

!few  York,  N.  Y. 

November  21,  1955 
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Auditorium  project  fund  108.39  108.39 

Unexpended  investment  income  of  endowment  funds  2,439.33  2,439.33 

General  fund  surplus,  per  accompanying  statement  _ 6,988.26  6,988. 26  _  _  _  _ 

$1,075,934.96  $35,315.66  $482,760.14  $503,689.92  $18,755.08  $35,414. 16 
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THE  NEW  YORK  ACADEMY  OF  SCIENCES 

Statement  of  General  Fund  Income  and  Expenses  and  Surplus 
For  the  Year  ended  October  31,  195 S 


Income: 

Membership  dues 
Sales  of  publications 
Contribution  s-in-aid 

Contributions  —  use  of  building  facilities 
Contributions  to  general  fund 

Income  from  securities  of  endowment  and  buiding 
funds 


Expenses: 

Publication  costs  (including  salaries  and 
expenses  of  printing  division) 

Distribution  of  publications 
Postage 

Use  of  building,  conference  and  meeting 
expenses 

Building  operating  salaries  and  expenses 

Executive  salaries  and  expenses 

Editorial  staff  —  salaries  and  expenses 

Membership  expansion— salaries  and  expenses 

Public  relations  —  salaries  and  expenses 

Societies  administration 

Social  security  taxes 

Interest  on  mortgage 

Accounting  salaries  and  expenses 

General  office  salaries  and  expenses 


$184,594.65 

12.382.72 

18.498.73 

45,017.68 
28,913.56 
13,322.50 
18,641.08 
15,277.79 
4,242. 14 
7,772.80 
2,108.97 
7,396.21 
12,347.66 
12,345.52 


Excess  of  income  over  expenses  for  year 


$142,085.46 

179,016.63 

33,864.71 

29,062.58 

67.50 

27,448.48 

411,545.36 


382,862.01 

28,683.35 


Afl 

Co 

EfI 

Ko 

Ya 

Ch 

Ra 

cai 

<‘S 

Re; 

Ne 


Less: 

Unexpended  investment  income  of  endowment 
funds  transferred  to  special  funds 

General  fund  surplus  for  year 
General  fund  surplus  as  of  October  31,  1954 


Deduct: 

Contribution  from  General  Fund  to  Building 

Fund —equivalent  to  the  payments  of  mortgage 
principal,  including  $31,578.13  paid  in  prior 
years 

General  fund  surplus  as  of  October  31,  1955 


AWARDS  OF  PRIZES 


2,439.33 

26,244.02 

19,869.56 

46,113.58 


39,125.32 
$  6,988.26 


(1)  The  A.  Creasy  Morrison  Prizes  in  Natural  Science.  After  careful  con¬ 
sideration  and  comparison  of  the  eligible  papers  presented  in  competition  this 
year,  the  Committee  unanimously  awards  the  prizes  as  follows: 

A  prize  of  $300  to  the  paper  entitled,  “On  the  Cell  Model  for  Solutions,”  by 
Stuart  A.  Rice,  Department  of  Chemistry,  Harvard  University,  Cambridge, 
Massachusetts. 

A  prize  of  $300  to  the  paper  entitled,  “The  Effects  of  Continuous  Irradiation 
by  Tritium  on  Cells  Cultivated  In  Vitro,’*  by  Agnes  Stroud,  Argonne  National 
Laboratory,  Lemont,  Illinois.  j 

Honorable  mention  to  the  paper  entitled,  “Recent  Applications  of  Electron  j 
Diffraction,”  by  J.  J.  Trillat,  X-ray  Laboratory,  National  Center  for  Scientific  j 
Research,  Paris,  France.  I 
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(2)  The  Boris  Preset  Prize  in  the  Field  of  Natural  Radioactive  Substances. 
After  careful  consideration  and  after  consultation  with  experts  in  the  field,  the 
Coirmittee  unanimously  awards  this  prize  of  $500  to  the  paper  entitled,  “The 
Effects  of  Cosmic  Rays  on  the  Terrestrial  Isotope  Distribution,"  by  Serge  A. 
Korff,  Department  of  Physics,  New  York  University,  University  Heights,  New 
York,  New  York. 

Honorable  mention  is  awarded  to  the  paper  entitled,  “The  Production  of 
Chlcrine-39  in  the  Lower  Atmosphere  by  Cosmic  Radiation,"  by  Lester  Winsberg, 
Radiation  Laboratory,  University  of  California,  Berkeley,  California. 

(3)  The  D.  B.  Steirunan  Prize  lor  Research  In  Structural  Engineering.  After 
careful  consideration,  this  prize  of  $500  is  awarded  to  the  paper  entitled, 
"Structural  Design  Study  for  Radio  Telescope  with600>Foot-Diameter  Paraboloid 
Reflector,"  by  Jacob  Feld,  Consulting  Engineer,  60  East  23rd  Street,  New  York, 
New  York. 

ELECTION  OF  FELLOWS  AND  HONORARY  LIFE  MEMBERS 


The  following  Members  were  elected  to  Fellowship: 


Adams,  John  E.,  M.D. 

Aebersold,  Paul  C,,  Ph.D. 

Aries,  Robert  S.,  D.Ch.E. 

Asenjo,  Conrado  F.,  Ph.D. 

Austin,  James  B.,  Ph.D. 

Barney,  L.  D,,  B.A. 

Beaudette,  F.  R.,  D.V.M. 

Berkner,  Lloyd  V.,  B.S. 

Berswoi^,  Frederick  C.,  D.Sc. 
Billard,  Gordon  Y. 

Bing,  Franklin  Church,  Ph.D. 
Bobst,  Elmer  H. 

Bonner,  David,  Ph.D. 

Bott,  Phyllis  A.,  Ph.D. 

Bozicevich,  John,  M.A. 

Brazier,  Mary  Agnes  B.,  Ph.D. 
Brush,  Alvin  G.,  LL.D. 

Buchanan,  Robert  E.,  Ph.D. 
Buckley,  Oliver  E.,  Ph.D. 

Burch,  George  E.,  M.D. 

Cahill,  George  F.,  M.D. 

Cameron,  Charles  Sherwood,  M.D. 
Cameron,  Thomas  Wright  Muir,  D.S. 
Campbell,  Dan  H.,  Ph.D. 
Campaigne,  Ernest  E.,  Ph.D. 
Carney,  Thomas  P.,  Ph.D, 

Carter,  Herbert  E.,  Ph.D. 
Castaneda,  M,  Ruiz,  M.D. 

Chambers,  William  H.,  Ph.D. 
Cheever,  Francis  Sargent,  M.D. 
Chen,  T.  T.,  Ph.D. 

Cherkin,  Arthur,  Ph.D. 

Christensen,  L.  Royal,  Ph.D. 
Christie,  Ernest  J.,  B.A, 

Cizek,  Louis  Joseph,  M.D. 
Claesson,  Stig  Melker,  Ph.D. 

Clark,  Irwin,  Ph.D, 

Clark,  William  G.,  Ph.D. 

Clement,  Anthony  C.,  Ph.D. 

Collins,  Frank  C.,  Ph.D. 

Colwin,  Arthur  L.,  Ph.D. 

Coons,  Albert  H,,  M.D. 

Coriell,  Lewis  L.,  Ph.D. 

Cragoe,  Edward  J.,  Jr,,  Ph.D. 
Creasy,  William  N.,  Ph.B. 

Crismon,  J.M.,  M.D, 

Cronkite,  Eugene  P.,  M.D. 

Cuckler,  Ashton  C.,  Ph.D, 
Culbertson,  James  T.,  Ph.D. 
.Daniels,  George  E.,  M.D. 

Darken,  L.S.,  Ph.D. 

Deeds,  Floyd,  Ph.D, 

Deichmann,  W,  B,,  Ph.D, 

Delgado,  Jose  M.  R.,  D.Sc. 

Detwiler,  Samuel  R.,  Ph.D, 
DeGiusti,  Dominic  L.,  Ph.D, 

Deyrup,  Ingrith  J.,  Ph.D. 


Jungeblut,  C.  W.,  M.D. 

Kane,  Jasper  H.,  B.S. 

Karow,  Edward  O.,  Ph.D. 
Kensler,  Charles  J.,  M.A. 

King,  Barry  G.,  Ph.D. 

Klipstein,  Kenneth  H.,  M.A. 
Krampitz,  Lester  O.,  Ph.D. 

Krop,  Stephen,  Ph.D. 

Kumler,  Warren  D. ,  Ph.D. 
Kumick,  N.B.,  M.D. 

Ladenburg,  Kurt,  Ph.D. 

Lasagna,  Louis,  M.D. 

Lascoff,  Frederick  D.,  Ph.D, 
Lazier,  W.  A.,  Ph.D. 

Lecher,  Hans  Z.,  Ph.D. 

Leloir,  Luis  F.,  M.D. 

Lepine,  Pierre  Raphel,  M.D. 
Leutenberger,  Rudolf  G.  H,,  M.D. 
Lewin,  S.  Z.,  Ph.D. 

Linford,  Henry  B.,  Ph.D. 

Lott,  William  A,,  M.Sc. 

Lycan,  W.  H.,  Ph.D. 

McCallan,  S.E.A.,  Ph.D. 
McCormack,  James  E.,  M.D. 
McCoy,  Elizabeth,  Ph.D, 
McKeen,  John  E.,  C.E. 

McNew,  George  L.,  Ph.D, 

Main,  Rolland  J.,  Ph.D. 

Meduna,  Ladislas  Joseph,  M.D. 
Meleney,  Frank  Lamont,  M.D, 
Messina,  Angelina  Rose,  M.A. 
Miller,  Shefford  S.,  D.V.M. 
Morgan,  Herbert  R,,  M.D, 
Murphree,  Eger  V,,  D.Sc. 

Nastuk,  William  L,,  Ph.D. 

Olson,  Kenneth  B.,  M.D, 

Opdyke,  David  F.,  Ph.D. 

Oser,  Mona,  B.S, 

Osgood,  Edwin  E,,  M.D. 

Ott,  Walther  H.,  Ph.D. 

Pace,  Nello,  Ph.D, 

Papper,  Emanuel  M.,  M.D. 
Pasternack,  Richard,  Ph.D. 
Pennell,  Robert  B.,  Ph.D. 
Philips,  Frederick  S.,  Ph.D, 
Power,  Marschelle  H,,  Ph.D. 
Provasoli,  Luigi,  Ph.D. 

Rake,  Geoffrey  W.,  M.B. 
Rammelkamp,  Charles  H.,  M.D, 
Randall,  Henry  T.,  D.Sc, 
Rasmussen,  A.F.,  Jr.,T*h.D, 
Reilly,  H.  Christine,  Ph.D. 

Rice,  Raymond  M.,  M.D. 
Rieveschl,  George  Jr.,  Ph.D. 
Roberts,  Sidney,  Ph.D. 
Rosenblum,  Charles,  Ph.D. 
Rosin,  Joseph,  B.S. 
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Di  Salvo,  Nicholas  Arinand,  D.D.S. 
Dutcher,  James  D,,  Ph.D. 

Eklund,  Carl,  M.D. 

Engle,  Ralph  Landis,  Jr.,  M.D, 
Ershoff,  Benjamin  H.,  Ph.D. 
Fagraeus,  Astrid,  M.D. 

Ferguson,  Frederick  Palmer,  Ph.D. 
Ferry,  Ronald  M.,  M.D. 

Flocks,  Rubin  H.,  M.D. 

Foldes,  Francis  Ferenc,  M.D. 
Foster,  Goodwin  L.,  Ph.D. 

Fried,  Josef,  Ph.D. 

Frisch,  John  A.,  Ph.D. 

Froelich,  Ernest  J.,  D.V.M, 
Fromageot,  Claude,  D.Sc. 

Furter,  Max  F.,  Ph.D. 

Furth,  Jacob,  M.D. 

Gamble,  Clarence  J.,  M.D. 
Generales,  C.D.J.,  Jr,,  M.D. 
Gilbertson,  Lyle  I,,  Ph.D. 
Goldsmith,  Grace  A.,  M.D. 

Good,  Robert  A.,  Ph.D. 

Grant,  Wilson  Clark,  Ph.D, 
Greenspan,  Joseph,  Ph.D. 

Groiq>e,  Vincent,  Ph.D. 

Guthrie,  Mary  J.,  Ph.D. 

Guyton,  Arthur  C.,  M.D. 

Habit,  David  V.,  M.D. 

Hackerman,  Norman,  Ph.D. 

Haddow,  Alexander,  M.D, 

Hagan,  William  A.,  D.Sc. 

Hall,  Lloyd  Augustus,  D.Sc. 
Halloran,  Patricia  O’Connor,  D.V.M. 
Ham,  Thomas  H.,  M.D, 

Hamilton,  James,  Ph.D. 

Hampil,  Bettylee,  D.Sc, 

Harker,  David,  Ph.D. 

Hartley,  Carl,  Ph.D. 

Haurowitz,  Felix  M,,  Ph.D. 
Hauschka,  Theodore  Spaeth,  Ph.D. 
Hazleton,  Lloyd  W.,  Ph.D. 

Heald,  Henry  T.,  LL.D. 

Hechter,  Oscar,  Ph.D. 

Hegarty,  Charles  Paul,  Ph.D. 
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Honorary  Life  Memberships  were  conferred  upon  the  following  eminent  scien¬ 
tists: 

J.  A.  Christiansen,  Institute  of  Physical  Chemistry,  University  of  Copenhagen,  Copenhagen, 
Denmark. 

Corneille  J.  F.  Heymans,  University  of  Ghent,  Ghent,  Belgium. 

Vasant  Ramj  iOianolkar,  Indian  Cancer  Research  Center,  Bombay,  India. 

Andre  Lwoff,  Institut  Pasteur,  Paris,  France. 

Sir  Robert  Robinson,  Oxford  University,  Oxford,  England. 

Henri  Rene  Villat,  University  of  Psuia,  Paris,  France. 


ELECTION  OF  OFFICERS 

Report  of  the  Tellers.  The  Tellers  appointed  by  President  Tainter  to  count 
the  ballots  for  the  election  of  Officers  tmd  other  Members  of  the  Council  to 
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I  serve  for  the  year  1956  are  pleased  to  report  that,  by  the  1,692  ballots  returned 
I  from  the  Membership,  the  official  slate,  as  nominated  by  the  Council  was  over- 

I'  whelmingly  elected. 

The  list  thus  chosen  by  the  Membership  of  the  Academy  for  the  year  1956  is 
j  «s  follows:— 

;  President-Elect 

I  Ross  F.  NIGRELLI 


i 

I 

I 

i 


Vice-Presidents 

E.  J.  Kempf  Boris  Precel 


Recording  Secretary 
CHARLES  W.  MUSHETT 


Corresponding  Secretary 
FREDERICK  C.  NACHOD 


Treasurer 

RICHARD  O.  ROBLIN 


Councilors  (1956-1958) 


DONALD  B.  KEYES 
WARREN  O.  Nelson 


Charles  D.  marple 
Frederick  F.  Wiselogle 


Finance  Committee 
Harden  f.  Taylor,  Chairman 

Gordon  y.  Billard  Robert  f.  light 


i  Chairmen  ot  Sections 

M.  Hall  Taylor,  Geology  and  Mineralogy 
L  HILARY  Koprowski,  Biology 

I  Alberta  S.  Gilinsky,  Psychology 

!  John  L.  Landgraf,  Anthropology 

j  Frank  C.  Collins,  Physics  and  Chemistry 

-  Jerome  Spar,  Oceanography  and  Meteorology 

i  NICHOLAS  V.  FEODOROFF,  Mathematics  and  Engineering 

I  Chairman  of  Division 

John  B.  ROUTIEN,  Mycology 
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PROGRAM  OF  THE  EVENING 

After  the  Business  Meeting  the  following  program  was  given; 


MEDICINE’S  GOLDEN  AGE: 

THE  TRIUMPH  OF  THE  EXPERIMENTAL  METHOD 

By  Maurice  L.  Tainter 

Retiring  Preaident,  The  New  York  Academy  of  Sciences,  and  Director,  Sterting^Winthrop 
Research  Institute,  Rensselaer,  N»  Y, 


We  stand  in  the  midst  of  the  most  exciting  age  mankind  has  ever  ex¬ 
perienced.  Surrounding  us  on  all  sides  are  evidences  of  scientific  achieve¬ 
ments  that  are  transforming  our  pattern  of  living  in  a  manner  unimaginable 
to  previous  generations.  This  might  well  be  called  the  Age  of  Rapid 
Transportation,  when  man  has  burst  the  restraints  of  space  and  dis¬ 
tance.  Equally  well  could  this  be  the  Age  of  Free  Communication,  for 
man  has  now  learned  to  throw  his  voice  across  the  entire  world,  and 
even  beyond!  Another  would  suggest  that  this  is  the  Atomic  Age,  in 
which  the  nucleus  of  the  atom  surrenders  its  energy  for  man’s  sometimes 
beneficent  purposes.  All  these  suggestions  have  merit.  However,  in  my 
opinion,  they  all  shrink  to  insignificance  beside  a  greater  spectacle: 
the  explosive  development  of  our  present  Golden  Age  of  Medicine. 

Why  am  I  so  presumptuous  as  to  assert  that  medicine  today  is  ac¬ 
complishing  greater  miracles  than,  for  example,  atomic  energy  develop¬ 
ments?  It  is  because,  in  this  Golden  Age  of  Medicine,  we  have  conscious¬ 
ly  evolved  a  technique  and  a  scientific  philosophy  that  finally  enables 
us  to  wrestle  with  death  itself,  and  on  increasingly  even  terms. 

Permit  me  to  set  the  stage  for  the  drama  in  which  we  are  all,  knowingly 
or  not,  participating. 

At  the  zenith  of  Greco-Roman  civilization,  as  far  as  we  can  tell  from 
available  statistics,  life  expectancy  at  birth  was  25  to  27  years.  Con¬ 
sidering  the  abysmal  state  of  health  in  the  Middle  Ages,  it  is  doubtful 
that,  from  the  conquests  of  Alaric  to  the  Renaissance,  Western  Europeans 
enjoyed  even  this  average.  By  the  beginning  of  the  19th  century,  this 
figure  had  been  advanced  to  about  35  years.  From  the  time  of  Socrates 
until  the  threshold  of  the  present  century,  man  continued  to  fulfill  the 
lament  of  the  ancient  Chinese  poet  Po  Chii-i: 

“Like  fallen  leaves  they ....  tumbled  to  the  Nether  Springs 
All  vanished  ere  their  middle  years  were  passed.’’ 

Two  thousand  years  had  brought  no  more  than  10  years’  increase  in  the 
average  length  of  human  life,  f.e.,  for  each  200  years  of  history,  only 
about  one  year  was  added  to  the  life  span.  Then,  in  the  19th  century, 
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the  curve  of  longevity  began  to  rise  at  an  accelerating  pace.  By  1850, 
man  could  look  forward  to  39  years  of  life,  by  1900,  to  nearly  49.7  years. 
With  each  decade  of  our  present  century,  progress  has  continued.  In  1910, 
life  expectancy  went  up  to  51.9  years;  in  1920,  to  57  years;  in  1930,  to 
61  years;  in  1940,  to  65  years;  and,  by  1950,  to  69  years.  Today,  life 
expectancy  is  still  higher,  preliminary  figures  indicating  that  it  is  now 
over  70  years.  In  other  words,  during  this  last  half  century  there  has 
been  an  average  increase  of  life  of  about  five  years  for  every  decade; 
i.e.,  for  every  elapsed  year,  the  average  length  of  human  life  has  in¬ 
creased  by  about  six  months  (figure  1). 

This  process  has  been  in  operation  almost  a  century,  and  there  is 
every  indication  that  it  may  continue  indefinitely  since,  if  one  plots  the 
average  length  of  life  decade  by  decade,  there  is  no  apparent  flattening 
out,  as  yet,  in  the  slope  of  the  curve.  Extrapolating  to  the  end  of  the 
century,  the  average  length  of  life  may  then  become  between  90  and  100 
years. 

What  brought  about  this  explosive  outburst  of  progress  in  longevity? 
This  progress  was  due,  I  believe,  largely  to  the  development  and  per¬ 
fection  of  the  concept  that  biological  and  medical  phenomena  were  sub- 
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ject  to  exact  experimentation,  and  to  the  fact  that  such  phenomena  could 
be  rigidly  analyzed  by  logically  designed  experiments. 

As  DuBridge  has  said,  it  was  not  until  the  17th  and  18th  centuries 
that  “man  finally  uncovered  the  fact  that  nature  operated  in  accordance 
with  laws  that  could  be  discovered;  laws  that  were  so  exact  they  could 
be  used  to  predict  with  precision  the  behavior  of  physical  bodies.”  In 
this  period  there  were  great  strides  in  intellectual  development  and  a 
renewed  interest  in  art,  philosophy,  astronomy,  mathematics  and,  in 
the  latter  part  of  the  period,  in  chemistry.  However,  even  though  the 
beautifully  simple  physical  laws  were  rapidly  explored,  men  of  this  age 
did  not  grasp  the  infinite  complexity  of  life.  Physical  and  chemical  ex¬ 
periments  and  philosophy  were  -fashionable  but,  in  the  universities, 
where  the  taint  of  classicism  still  prevailed,  biological  experiment  was 
regarded  as  somewhat  beneath  the  notice  of  a  gentleman.  Lack  of  sound 
medical  knowledge,  however,  was  no  deterrent  to  the  development  of 
different  approaches  to  therapeutics.  With  magnificent  aplomb,  the  dis¬ 
coveries  in  the  physical  sciences  were  appropriated  by  physicians  to 
create  schools  of  iatrophysics,  iatrochemistry,  and  iatromathematics. 
Where  simple  physical  laws  did  not  quite  fit  living  phenomena,  gaps  in 
knowledge  were  neatly  plugged  with  ingenious  logic  or  fabrications  of 
Chesterfieldian  elegance.  Typical  of  the  physicians  of  his  period,  Sit 
Thomas  Browne  exemplified  his  own  failings  and  those  of  his  age  in  the 
words:  “Where  I  cannot  satisfy  my  reason,  I  love  to  humor  my  fancy.” 
Thus,  in  spite  of  the  many  geniuses  of  this  epoch,  some  of  whom  were 
even  active  in  medicine,  Europe  remained  the  Elysium  of  medical  quacks, 
astrologers,  and  alchemists. 

The  breaking  of  this  pattern  in  the  middle  of  the  19th  century  was  due, 
in  large  part,  to  four  remarkable,  almost  improbable  men  who,  in  spite  of 
every  opposition  and  disappointment,  never  “feared  to  follow  where  aity 
voices  led.”  Three  were  trained  as  physicians,  though  only  one  ever 
practiced  seriously,  while  the  fourth  was  not  even  a  biologist. 

The  story  begins  in  France  with  the  most  important  of  these  men,  the 
pioneer  Claude  Bernard,  a  would-be  dramatist  who  was  disgusted  with  I 
his  medical  studies  until  he  met  the  fiery  revolutionary,  Magendie.  The 
second  man  of  this  group  wab  a  patriotic  young  professor  of  chemistry, 
Louis  Pasteur,  who,  endowed  with  the  practical  good-sense  of  the  French 
peasant,  applied  himself  diligently  to  any  problem  of  economic  impor¬ 
tance.  The  gift  of  a  microscope  to  the  third,  a  country  practitioner, 
lifted  the  scene  to  Germany  and  turned  Robert  Koch  into  a  world- 
renowned  bacteriologist.  The  last,  Paul  Ehrlich,  was  an  impractical 
dreamer  so  engrossed  in  dabbling  with  multi-hued  dyes  and  pathological 
specimens  that  he  very  nearly  failed  his  medical  examinations  and 
finally  was  expelled  from  his  hospital  residency.  Although  nominally  a 
physician,  Ehrlich  could  never  remember  a  patient— or  lunchtime  either, 
for  that  matter. 
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Before  the  appearance  of  these  men,  the  vitalist  philosophies  of 
Bichat  were  the  fashionable  concepts  of  the  day.  It  was  stoutly  main¬ 
tained  that  life  was  a  mysterious  and  supernatural  phenomenon  that 
acted  arbitrarily  and  was  independent  of  all  physical  laws  relating  to 
nonliving  phenomena.  Darwin  has  stated  that  “false  facts  are  highly 
injurious  to  the  progress  of  science,”  but  that,  in  a  thinking  age,  “false 
views . do  little  harm,  for  everyone  takes  a  salutary  pleasure  in  prov¬ 

ing  their  falseness.”  The  difficulty  with  this  attitude  is  that  it  may 
take  too  long  to  disprove  the  false  vij?ws.  However,  the  Age  of  Reason 
of  the  French  Revolution  had  created  ^intellectual  turmoil,  and  the  18th 
century  was  still  young  when  young  Francois  Magendie  flung  down  the 
gauntlet  in  what  was  to  be  his  life-long  battle.  Brought  up  in  the  un¬ 
fettered  educational  traditions  of  an  ardent  revolutionary  family,  he  just 
could  not  swallow  this  “philosophic  pill”  of  vitalism,  however  gilded. 
With  characteristic  impetuosity,  he  published  a  direct  attack  in  the  very 
journal  dedicated  to  the  preservation  of  Bichat’s  influence.  Thus  began 
the  first  engagement  of  the  war  to  force  medical  men,  as  Silverman  has 
put  it,  to  “use  their  eyes  instead  of  their  philosophies.” 

Magendie  firmly  believed  that  physiological  phenomena  were  readily 
explainable  in  terms  of  physicochemical  laws,  and  he  turned  to  animal 
experiments  to  find  proof  for  his  arguments.  His  credo,  around  which  he 
built  his  whole  life,  is  well  expressed  in  these  words  from  his  famous 
textbook: 

“Facts,  and  facts  alone,  are  the  foundation  of  science.... When  one 
devotes  oneself  to  experimental  research,  it  is  in  order  to  augment  the 
sum  of  known  facts,  or  to  discover  their  mutual  relations....  What  are  the 
vital  or  animal  spirits  of  the  Ancients,  Galen’s  faculties,  the  archaeus, 
the  vital  properties;  but  arbitrary  guesses  which  have  served  for  centuries 
to  hide  utter,  ignorance  of  the  cause  of  life?”  “It  is  in  experimental 
research,”  he  insisted,  “that  the  future  of  medicine  reposes.”  Yet  with 
all  his  blunt  attacks  on  vitalism,  and  his  almost  truculent  carping  on 
the  importance  of  natural  experiments,  he  had  little  influence  outside  of 
a  very  few  pupils.  Much  of  this  resulted  from  his  dread  of  speculation. 
He  realized  all  too  clearly  that  Aesop  was  correct  in  saying,  “We  can 
easily  represent  things  as  we  wish  them  to  be.”  In  his  violent  efforts  to 
avoid  these  pitfalls,  he  refused  to  elaborate  his  results  or  to  plan  ex¬ 
periments  based  on  a  preconceived  idea.  Instead,  he  described  himself 
as  a  ragpicker  in  the  dump  yard  of  science,  and  repeatedly  cautioned  his 
students  to  “let  the  results  of  haphazard  experiments  collect  and  they 
will  speak  for  themselves.”  As  a  result,  when  he  struck  out  in  all  di¬ 
rections  against  those  who  challenged  him  (and  he  was  exceedingly 
sensitive  to  the  slightest  criticism),  he  flared  in  Phillipic  outbursts 
based  all  too  often  on  fragmentary  evidence.  Irascible,  perpetually  on 
perilous  waters,  he  lost  his  effectiveness  and  was  looked  upon  as  ec- 
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centric.  In  short,  like  Seneca,  he  “was  shipwrecked  before  (he)  got  | 
aboard.”  j 

Into  the  lectures  of  this  extraordinary,  if  somewhat  disordered  soirit,  j 
wandered  a  disheartened  medical  student.  What  led  Claude  Bernard  to  I 
Magendie's  classroom  we  shall  never  know.  Except  for  anatomy,  Bernard  I 
had  found  little  of  interest  in  the  medical  curriculum.  It  was  surprising, 
therefore,  that  he  should  attend,  for  Magendie’s  course  in  physiology  I 
was  neither  required  nor  popular.  It  was,  indeed,  fortunate  that  these  { 
two  were  brought  together.  One,  erratic  but  inspired,  the  other,  profoundly  | 
able  but  without  direction,  each  was  a  vital  factor  in  the  final  greatness  [ 
of  the  other.  Magendie  found  not  only  an  apostle  in  this  solemn  young  | 
man,  but  a  magnificent  technician  and  brilliant  experimentalist  who,  more  I 
than  once,  conceived,  carried  out,  and  correlated  the  experiments  that  t 
vindicated  the  older  man  in  the  innumerable  melees  in  which  he  was  I 
perpetually  embroiled.  It  was  not  without  reason  that  Magendie  would  i 
one  day  exclaim:  “Ha!  You  are  a  better  man  than  I  am.”  It  was  true,  for  j 
Bernard  took  Magendie’s  ill-formed  ideas,  his  hodgepodge  of  facts,  and  I 
formed,  perfected,  and  polished  them  until  the  crude  embryo  had  been  f 
transformed  into  not  just  a  new  observation,  but  a  beautiful  new  method  | 
for  biological  progress.  Then  Bernard  added  a  philosophy,  not  binding,  i 
but  inspiring,  that  opened  ever-widening  vistas.  So  perfect  is  the  logic  of  1 
Bernard’s  experimental  methods  that  its  clarity  and  vision  challenge  I 
emulation  even  today.  j 

Through  experimental  studies  on  laboratory  animals,  Bernard  made  j 
many  fundamental  discoveries  that  have  had  broad  applications  in  clinical  j 
medicine.  However,  while  these  discoveries  constitute  major  contribu-  | 
tions  to  biology  and  medicine,  they  are  not,  in  themselves,  much  more  I 
important  than  those  of  many  others.  It  was  his  creation  of  the  exquisite  I 
experimental  method  that  led  to  those  discoveries  that  made  Bernard  the  i 
intellectual  giant  of  his  and  our  age.  This  is  why  it  was  said  that  “He  is  | 
not  just  a  great  physiologist,  he  is  physiology.”  | 

When  Claude  Bernard  began  his  scientific  career,  there  were  two  I 
schools  in  biological  thinking.  In  spite  of  Magendie’s  fanatical  attacks,  j 
vitalism  was  still  a  force  with  which  to  be  reckoned.  The  vitalists  | 
championed  the  purely  empirical,  philosophic  approach,  since  they  be-  i 
lieved  all  experiment  on  living  things  to  be  meaningless  because  of  the  ^ 
arbitrary  reactions  of  the  mysterious  “vital  force.”  In  opposition  to  this  j 
group  were  the  exact  scientists  who  maintained  that  all  biological  | 
phenomena  were  made  up  of  physicochemical  activities  that  operated  in  | 
strict  accordance  with  physical  laws.  Both  theories  ran  fast  aground  in  ] 
practice.  It  was  Bernard  who  first  grasped  the  entire  problem  and  stated  j 
it  clearly.  He  did  not  deny  the  existence  of  a  vital  force,  but  felt  that  it 
was  a  “creative  idea  which  develops  and  exhibits  itself  through  or-  | 
ganization  and  expresses  itself  in  physicochemical  phenomena.”  He  | 
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illustrated  this  point  with  the  words  of  the  philosopher,  Descartes:  “One 
thinks  in  tern'3  of  metaphysics,  but  one  lives  and  acts  in  terms  of 
physics.”  Though  he  believed  that  there  were  certain  vital  characteristics 
of  living  beings  that,  in  the  light  of  then  current  knowledge,  physical 
laws  could  not  explain,  this  did  not  prevent  him  from  roundly  condemning 
the  vitalists  and  their  philosophical  predecessors  for  their  overextension 
d  ideas  and  their  dogmatic  approach.  He  reminded  them  of  “the  sterility 
of  the  scholastic  path  and  that  science  did  not  begin  to  soar  until  man 
sihstituted  for  the  authority  of  books  the  authority  of  facts,  ascertained 
in  nature  with  the  help  of  more  and  more  perfect  experimental  methods.” 
If  he  dismissed  the  scholastic  as  proud  and  intolerant  of  contradiction, 
the  philosopher  he  treated  with  no  more  respect,  pointing  out  that  “theory 
unsupported  by  experiment  was  apt  to  leave  science  with  only  one  more 
hypothesis.”  Philosophers,  sterile  and  presumptuous,  were  “mere 
intellectual  gymnasts.”  He  also  stated  that  the  keystones  of  experi¬ 
mental  reasoning  are  “the  a  priori  idea  and  doubt.”  “Intuition  or  feeling 
begets  the  experimental  idea”  that  must  then  be  verified  by  actual  trial. 
During  the  course  of  this  test,  it  is  imperative  that  “experimenters  must 
doubt,  avoid  fixed  ideas,  and  always  keep  their  freedom  of  mind”  in 
order  to  maintain  the  “independent  character  of  the  experimental  method.” 
“Doubt  in  experimental  reasoning”  is  the  sovereign  “principle  of  the 
experimental  criterion”  and  is  manifest  through  countless  trials  to  secure 
unassailable  “proof  and  counterproof”  of  a  given  hypothesis. 

In  “experimentation  with  living  beings,”  he  said,  there  are  a  number 
of  “experimental  considerations  common  to  living  things  and  inorganic 
bodies.”  Hence  the  “spontaneity  of  living  beings  is  no  obstacle  to  the 
use  of  experimentation,”  for  the  “manifestation  of  properties  of  living 
bodies  is  connected  with  the  existence  of  certain  physicochemical 
phenomena  which  regulate  their  appearance”  so  that  “physiological 
phenomena  in  the  higher  animal  take  place  in  perfected  internal  organic 
environments  endowed  with  constant  physicochemical  properties.  ” 

However,  the  physical  scientists  were  taking  too  narrow  a  view  and 
were  missing  important  phenomena.  He  cautioned,  “Admitting  that  vital 
processes  rest  upon  physicochemical  activities,  which  is  the  truth,  the 
essence  of  the  problem  is  not  thereby  cleared  up;  for  it  is  no  chance  en¬ 
counter  of  physicochemical  phenomena  that  constructs  each  being  ac¬ 
cording  to  a  pre-existing  plan  and  produces  an  admirable  subordination 
and  harmonious  concert  of  organic  activity.  There  is  an  arrangement  in 
the  living  being,  a  kind  of  regulated  activity,  which  must  never  be  neg¬ 
lected  because  it  is,  in  truth,  the  most  striking  characteristic  of  living 
beings.”  He  reminded  them  that,  in  experimenting  on  inorganic  bodies, 
one  need  only  account  for  the  variables  of  the  external  environment  but, 
lo  higher  animals,  there  is,  in  addition,  a  second,  internal  environment 
(ailieu  interieur).  This  environment,  too,  is  capable  of  change,  but  it 
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was  Bernard’s  conviction  that,  under  any  one  set  of  conditions,  this  may 
be  considered,  in  the  over-all,  as  relatively  constant.  Rather,  “all  the 
vital  mechanisms,  varied  as  they  are,  have  only  one  object,  that  of  pre¬ 
serving  constant  the  conditions  of  life  in  the  internal  environment." 
This  theory  of  the  constancy  of  the  internal  environment  as  a  condition 
of  free  and  independent  life  has  become  the  foundation  of  biological 
research,  and  a  large  part  of  recent  medical  progress  is  but  a  verification 
of  this  concept. 

Bernard’s  greatest  contribution  to  mankind  is  a  little  book  published 
in  1865  in  whidi  he  enunciates  these  beliefs,  then  details  his  method  for 
the  determination  of  physiological  facts.  In  clear  and  beautiful  prose, 
reminiscent  of  his  early  literary  aspirations,  he  states  the  rules  for  all 
experimental  biological  research.  As  Pasteur  said,  “Never  has  anything 
clearer,  more  complete,  more  profound  been  written  about  the  true  princi¬ 
ples  of  the  difficult  art  of  experimentation.  ’’  This  crystalline  purity  of 
thought  and  exfx'ession  has  made  Bernard’s  Introduction  to  the  Sttxiy  at 
Experimental  Medicine  a  classic  that  is  still  read  profitably  today  by 
layman  and  scientist  alike. 

Bernard  opened  the  volume  with  these  words:  “Scientific  medicine, 
like  other  sciences,  can  be  established  only  by  experimental  means,  i.e. 
by  the  direct  and  rigorous  application  of  reasoning  to  the  facts  furnished 

us  by  observation  and  experiment . Reasoning  will  always  be  correct 

when  applied  to  accurate  notions  and  precise  facts;  but  it  can  lead  only 
to  error  when  the  notions  or  facts  on  which  it  rests  were  originally  i 
tainted  with  error  or  inaccuracy.  That  is  why  experimentation,  or  the  ait 
of  securing  rigorous  and  well-defined  experiments,  is  the  practical  basis 
and,  in  a  way,  the  executive  branch  of  the  experimental  method  as  applied 
to  medicine.’’ 

What  was  this  experimental  method?  Bernard  taught  that  consideration 
of  facts  will  lead  to  an  idea;  one  then  devises  an  experiment  to  attempt 
to  confirm  this  idea;  the  responses  are  observed  with  complete  impartial¬ 
ity;  when  the  results  are  obtained,  they  are  compared  with  the  original 
hypothesis;  and,  if  they  do  not  verify  the  supposition,  the  experimenter 
must  again  go  in  search  of  a  new  idea  to  be  tested.  For  Bernard,  like 
Publius,  realized  that  “it  is  a  bad  plan  that  admits  no  modification." 
If,  however,  the  hypothesis  is  verified,  the  test  must  be  rerun  until  all 
possibility  of  coincidence  is  eliminated.  Then  it  is  the  investigator’s 
duty  to  conceive  counter  experiments  that  serve  to  test  out  any  possible 
fallacies.  In  short,  the  investigator  must  make  a  strenuous  effort  to 
destroy  his  own  hypothesis.  Bernard  said,  “proof  and  counterproof  are 
essential  characteristics  of  experimental  reasoning.’’ 

The  quintessence  of  Bernard’s  teachings  are  embodied  in  his  phrase: 
“The  experiments  must  always  be  devised  in  view  of  a  preconceived 
idea,  no  matter  if  the  idea  be  not  very  clear  nor  very  well  defined,”  but 
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"the  results  of  the  experiment  must  be  noted  by  a  mind  stripped  of 
,  hypothesis  and  preconceived  ideas.”  It  was  his  custom  to  remind  his 
students  to  leave  their  imaginations,  like  their  overcoats,  outside  the 
laboratory  when  they  began  actual  work  on  an  experiment,  but  he  cautioned 
them  not  to  forget  to  put  them  on  again  when  they  left  the  laboratory 
bench. 

Why  was  this  approach  to  biological  science  so  different?  First,  its 
logical  sequence  of  steps  led  to  well-rounded  studies  backed  by  an 
adequate  body  of  experimental  findings.  This  was  in  sharp  contrast  to 
the  hodgepodge  of  unrelated  facts  and  ill-substantiated  conclusions  that 
characterized  Magendie  and  many  of  the  earlier  experimental  biologists. 
Bernard  had  no  patience  with  such  uninspired  research  where,  as  Macauley 
said,  “the  inquiry  may  amuse.. ..but  the  decision  leaves  us  no  wiser.” 

Second,  Bernard  insisted  on  studying  living  organisms,  for  he  realized, 
like  Torald  Sollmann,  that  “to  understand  life  one  must  study  life  itself, 
and  to  understand  animal  life  one  must  study  animal  life.  Life  must, 
irdeed,  be  used  that  life  may  be  saved.”  It  is  only  to  the  book  of  life 
that  we  can  turn  to  learn  the  truth  about  that  mysterious  process,  which 
is  living.  To  Claude  Bernard,  as  to  his  literary  contemporary,  Hans 
Christian  Anderson,  “life  itself  (was)  the  most  wonderful  fairy  tale.” 
Sporadically,  through  the  course  of  time,  a  man  here  and  there  had  en¬ 
gaged  in  animal  research,  but  not  until  Bernard  did  experimentation  on 
living  organisms  enter  “physiology  and  medicine,  once  and  for  all,  as 
a  habitual  and  indispensible  method  of  study.”  Further,  it  was  Bernard 
who  dignified  the  practice,  against  much  public  and  private  opposition, 
even  in  his  own  home,  by  examining  it  both  scientifically  and  morally. 

“We  have  succeeded,  he  said,  in  discovering  the  laws  of  inorganic 
matter  only  by  penetrating  into  inanimate  bodies  and  machines:  similarly 
we  shall  succeed  in  learning  the  laws  and  properties  of  living  matter 
only  by  displacing  living  organs  in  order  to  get  into  their  inner  environ¬ 
ment. ...Without  this  mode  of  investigation,  neither  physiology  nor 
scientific  medicine  is  possible;  to  learn  how  man  and  animals  live,  we 
cannot  avoid  seeing  great  numbers  of  them  die,  because  the  mechanisms 
of  life  can  be  unveiled  and  proved  only  by  knowledge  of  the  mechanisms 
of  death.” 

A  man  of  Delphic  vision,  he  foresaw,  too,  that  the  age  of  the  individual 
discoverer  was  passing  vdien  he  said,  “the  more  science  advances,  the 
more  she  acquires  an  impersonal  form— Art  is  ‘I,*  science  ‘we.’  ” 

However,  such  methods  and  philosophy  can  attain  continuing  value 


j  only  when  they  are  perpetuated  by  intellectual  offspring  of  their  creator, 
I  when,  from  their  application  by  others,  new  and  greater  truths  are  found, 
i  Bernard’s  ideas  attained  their  next  great  flowering,  not  in  a  biologist, 

[  but  in  a  practical-minded  French  professor  of  chemistry  who,  though 
I*"*  f  never  fcwmally  a  student  of  Bernard’s,  always  declared  himself  his 
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disciple.  It  was  not  to  his  beloved  assistants  at  the  College  of  France, 
but  to  Louis  Pasteur,  that  Bernard  would  one  day  say:  “We  must  have 
been  bom  to  understand  each  other,  for  true  science  inspires  us  both 
with  the  same  passions  and  the  same  sentiments.” 

Pasteur  was  by  training  and  first  intent  a  chemist  who  established  a 
fine  reputation,  while  still  a  student,  through  his  isolation  of  the  stereo¬ 
isomers  of  tartaric  acid.  His  further  studies  in  establishing  the  new  field 
of  stereochemistry  enticed  him  into  profound  theoretical  investigations, 
but  they  also  led  him  to  his  initial  venture  in  biology.  Uncovering  the 
remarkable  ability  of  some  microorganisms  to  utilize  only  one  optical 
isomer  of  certain  chemical  compounds,  he  conceived  the  idea  of  selec¬ 
tivity  in  chemical  and  biological  reactions.  From  this  beginning,  he 
rambled  far  afield  into  the  complexities  of  biochemical  conjecture.  It 
was  the  receipt  of  a  government  memorandum  asking  university  professors 
to  aid  local  industries  where  possible  that  transfigured  the  course  of 
Pasteur’s  life.  It  was  shortly  thereafter  that,  by  request,  he  applied 
himself  to  problems  encountered  in  the  fermentation  of  beet  sugar  to 
alcohol.  That  was  his  demise  as  a  theoretical  chemist  and  his  reincarna¬ 
tion  as  a  biologist. 

Pasteur  knew  next  to  nothing  about  fermentation,  but  he  was  convinced 
that  the  experimental  method  of  Bernard’s  was  the  oracle  that  would 
answer  any  questions  man  put  to  it.  All  of  his  life  he  would  face  problems 
in  fields  about  which  he,  and  frequently  everyone  else,  knew  nothing.  He 
was  a  firm  believer  in  the  assertion  of  Terence  that  “nothing  is  so 
difficult  but  that  it  may  be  found  out  by  seeking.”  The  key  to  his  con¬ 
quests,  he  said,  was  the  application  of  “this  marvelous  experimental 
method which,  while  it  is  not  sufficient  for  everything, rarely  de¬ 
ceives  and  then  only  those  who  use  it  badly.  It  eliminates  certain  facts, 
raises  others,  interrogates  nature,  forces  it  to  reply,  and  never  ceases 
until  the  mind  is  fully  satisfied.”  Pasteur  applied  Bernard’s  principles 
with  vigor,  precision  and,  above  all,  with  unbounded  enthusiasm.  It  was, 
indeed,  enthusiasm  which  made  Pasteur  so  much  more  effective  than 
many  of  his  equally  talented  contemporaries.  This  quality  illumined  his 
whole  life.  As  he  said:  “The  Greeks  have  given  us  one  of  the  most 
beautiful  words  of  our  language,  the  word  ’enthusiasm’— a  God  within. 
The  grandeur  of  the  acts  of  men  is  measured  by  the  inspiration  from 
which  they  spring.  Happy  is  he  who  bears  a  God  within”!  Here,  in  his 
own  words,  Pasteur  has  summarized  his  credo  of  life— “to  seek  with 
enthusiasm.” 

Between  Bernard  and  Pasteur  there  was  a  deep  bond  of  friendship  and 
affection,  Pasteur  often  turning  to  the  older  man  to  discuss  his  ideas  and 
discoveries.  Bernard,  Pasteur  held,  was  “one  of  the  purest  personifica¬ 
tions  of  the  scientist”  and,  when  Bernard’s  health  failed  toward  the  end 
of  his  life,  it  was  this  devoted  disciple  who  conceived  and  prepared,  as 
a  sign  of  encouragement  and  affection,  a  summary  of  the  great  physiolo- 
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Rce,  I  gist’s  accomplishments.  These  two  are  inextricably  linked— Bernard,  the 
lave  !  Olympian  intellect  whose  profound  insight  into  experimentation  led  to 
boti)  ^  broad  new  philosophical  concepts,  and  matter-of-fact  Pasteur,  who  en- 
I  thusiastically  put  these  principles  to  practical  application  for  all  man- 
id  a  I 

'eo-  I  Pasteur’s  contributions  to  the  progress  of  medicine  began  in  1855 
ield  i  with  his  study  of  beet  sugar  fermentation.  In  the  two  years  that  were 
ins,  spent  discovering  why  the  fermentation  vats  periodically  were  at  sixes 
the  and  sevens,  Pasteur  evolved  a  complete  statement  of  the  germ  theory  of 
cal  i  disease.  He  also  created  the  basic  techniques  for  bacteriological  ex- 
lec-  I  perimentation,  and  buried  forever  the  theories  of  spontaneous  generation 
he  f  of  bacteria.  During  these  years,  he  was  led  from  experimental  studies  on 
.  It  I  diseases  of  silk  worms  to  investigation  of  veterinary  problems  such  as 
iors  '  anthrax  and  chicken  cholera.  Through  patient  laboratory  studies  in  the 
!  of  I  common  hosts  and  in  other  infected  species,  Pasteur  discovered  ways  to 
[ied  I  produce  these  infections  experimentally  aixi  methods  of  combatting  them. 

:  to  !  Once  a  disorder  could  be  created  regularly  in  a  laboratory  animal,  raw 
na-  I  material  for  study  was  at  hand,  and  solutions  to  the  problem  could  be 
!  found  by  a  well-organized  series  of  experiments.  For  20  years,  without 
ced  >  respite  and  without  quarter,  he  fought,  argued— even  shouted— to  get  his 
luld  =  new  knowledge  accepted.  Wielding  “thoughts  that  breathe  and  words 
ims  ^  that  burn,’’  he  insisted  on  the  acceptance  of  his  beliefs  about  infection 
He  with  the  religious  fanaticism  of  a  dervish.  In  the  end,  Pasteur  won.  His 
so  germ  theory  elucidated  putrefaction,  and  made  possible  “pasteurization.” 
on-  The  study  of  infectious  disease  was  provided  the  powerful  experimental 
lial  tool  of  methods  of  producing  infections  at  will,  which  technique  was 
de-  '  ultimately  to  lead  to  the  virtual  conquest  of  infection.  Thus  did  this 
ts,  .  diminutive  Achilles  fulfill  the  two-century-old  prophesy  of  Robert  Boyle 
ses  that  “he  who  resolved  the  problem  of  fermentation  would  likewise  reveal 
les  the  origin  of  disease.” 

as,  Even  before  Pasteur  himself  was  free  to  consider  the  broader  implica- 
lan  tions  of  microorganisms,  others  grasped  their  significance  in  diverse 
his  I  fields.  By  the  1860’s,  general  anesthesia  for  operations  was  a  reality, 
ost  but  surgery  was  still  a  perilous  risk  to  be  endured  only  in  the  most 
in.  desperate  cases.  Mortality  was  frightful,  with  even  the  most  judicious 
om  j  surgeons  losing  about  one  half  their  patients;  the  less  skilled,  upwards 
bis  of  80  per  cent.  Into  this  Stygian  realm  of  “laudable  pus”  there  came  a 
ith  quiet  surgeon,  Joseph  Lister.  As  he  pondered  the  staggering  casuality 
lists  of  Glasgow’s  surgical  wards,  he  came  to  look  with  ever  greater 
md  ;  favor  upon  the  Hippocratic  principle  of  healing  by  first  intent.  Every 
nd  j  amputation  case  he  treated  with  infinite  care  and  scrupulous  cleanliness; 
:a-  still  45  per  cent  died.  Then  he  began  to  recognize  one  outstanding 
nd  I  feature:  healing  by  first  intent  was  attained  only  in  the  absence  of 
as  I  putrefaction.  Still  perplexed  as  to  the  reason,  the  chance  comment  of  a 
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friend  directed  him  to  Pasteur’s  first  paper  on  fermentation.  The  spark  of 
similarity  between  putrefaction  and  fermentation  kindled  the  touchwdod 
of  his  imagination,  leading  him  to  picture  microorganisms  as  the  well- 
^ring  of  wound  infection.  Searching  for  .an  antiseptic,  he  selected 
carbolic  acid,  which  he  knew  would  prevent  putrefaction  of  sewage,  then 
applied  it  experimentally  in  his  surgical  procedures.  True  to  Bernard’s 
principles,  for  two  years  he  silently  checked  and  rechecked  the  outcome 
of  his  tests.  When  proof  was  unassailable,  he  announced  his  results, 
and  thereby  cut  the  Gordian  knot  that  had  so  long  held  back  surgery  from 
its  true  potentialities  for  saving  life. 

With  the  simultaneous  advent  of  anesthesia  and  antisepsis,  surgery 
slipped  out  of  its  traditional  frock  coat  and  starched  cuffs  and  thus,  by 
losing  the  last  taint  of  the  barber  surgeon,  assumed  a  rightful  rank  among 
its  peers  in  the  medical  sciences.  Visceral,  thoracic,  and  cranial  surgery 
became  possible,  and  successful  Caesarean  section  moved  permanently 
out  of  the  province  of  the  enterprising  sow-gelder. 

Meanwhile,  although  Pasteur  had  laid  a  sturdy  groundwork  of  bacterio¬ 
logical  techniques,  the  study  of  microorganisms  was  incredibly  tedious 
until  Carl  Weigert  created  visual  contrast  through  use  of  aniline  dyes. 
Even  so,  bacteriological  procedures  continued  to  be  cumbersome,  with 
little  purpose  or  precision,  until  one  day  a  young  country  practitioner  in 
Germany  received  a  microscope  as  a  birthday  gift.  Remembering  Plutarch’s 
aphorism  that  ’’medicine,  to  produce  health,  has  to  examine  disease,” 
Robert  Koch  devoted  every  moment  torn  from  a  busy  life  to  the  study  of 
anthrax,  which  was  a  serious  problem  to  both  man  and  animal  in  his  area 
Peering  Argus-eyed  down  the  barrel  of  the  microscope,  he  saw  the  whole 
complexity  of  the  life  cycle  of  the  anthrax  bacillus  unfurl  before  him.  In 
due  time,  every  detail,  including  spore  formation  and  its  significance, 
was  presented  to  a  group  of  eminent  bacteriologists  at  Breslau.  This 
study  of  anthrax  was  the  first  exemplification  of  the  postulates  soon  to 
be  enunciated  by  Koch  and  his  teacher  Henle  as  the  requirement  for 
rigorous  proof  of  the  etiological  role  of  a  given  microorganism  in  a 
specific  disease.  Koch’s  postulates  were  a  specialized,  logical  restate¬ 
ment  of  Bernard’s  principles  of  experimentation,  particularly  those  of 
proof  and  oounterproof.  These  rules,  even  today,  supply  the  logical 
framework  for  proving  the  causal  relationship  of  an  organism  to  a  disease. 
They  are:  (1)  the  microorganism  must  be  present  in  every  case  of  the 
disease;  (2)  it  must  be  isolated  as  a  pure  culture  outside  the  body; 
(3)  when  introduced  into  a  healthy  body,  it  must  faithfully  reproduce  the 
disease;  and  (4)  it  must  be  reisolated  from  this  artificially  infected  host. 

When  Pasteur  learned  of  Koch’s  work,  he  was  able  immediately  to 
confirm  and  extend  it,  and  the  germ  theory  of  disease  was  henceforth 
unassailable. 

The  earliest  utilization  of  this  germ  theory  was  in  surgery,  in  the  pre- 
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Ivention  of  infections.  However,  a  sphere  to  undergo  a  similarly  profound 
metamorphosis  was  the  virtually  unborn  field  of  public  health. 

Until  the  19th  century,  except  for  isolated  instances,  public  health 
efforts  were  mainly  directed  toward  improvement  of  the  health  of  in¬ 
dividuals,  especially  that  of  the  gentry  and  aristocracy.  With  the  rise 
of  social  conscience,  there  blossomed  the  concept  of  common  welfare 
wherein  it  was  the  obligation  of  the  community  to  promote  and  protect 
the  general  populace.  In  the  words  of  Edmund  Burke,  the  falseness  of 
the  policy  of  “wise  and  salutary  neglect”  was  perceived.  Three  realiza¬ 
tions  reshaped  government  policy:  the  new  stature  of  the  individual;  the 
recognition  that  a  nation’s  true  wealth  was  its  population;  and,  more 
prosaic  and  compelling,  the  menace  of  an  unhealthy  poor  to  the  privileged 
dasses.  Toward  the  end  of  the  last  century,  visible  proof  of  the  in¬ 
fluence  of  socially-motivated  pioneers  in  public  health  was  reflected  in 
I  Disraeli’s  words  to  the  House  of  Commons:  “The  health  of  the  people  is 

1  really  the  foundation  upon  which  all  their  happiness  and  all  their  powers 
,  as  a  State  depend.” 

I  With  these  principles  as  a  basis,  the  concept  of  sanitation  became 
increasingly  popular,  and  public-minded  citizens  began  active  campaigns 
to  force  the  government  to  clear  slums,  eliminate  filth,  and  provide  fresh 
air  and  clean  water.  When  the  germ  theory  of  disease  was  established, 
and  various  investigators  proved  experimentally  in  animals,  by  use  of  the 

I'  Koch  postulates,  the  bacterial  origin  of  such  terrors  as  cholera,  a  rational 
rallying  point  was  created,  and  the  public  health  movement  gained  force 
and  direction. 

The  impact  of  this  movement  toward  sanitation  on  the  life  of  man  was 
astonishing.  Cholera,  for  instance,  broke  out  in  epidemic  form  many  times 
in  the  last  century,  destroying  tens  of  thousands  in  a  few  weeks.  In 
1854,  500  people  died  of  cholera  in  10  days  within  a  250  yard  radius  of 
a  single  contaminated  London  water  pump.  The  epidemic  was  ultimately 
stopped  by  removing  the  pump  handle.  Now,  since  the  application  of 
modem  public  health  measures,  not  a  single  case  of  cholera  has  occurred 
in  this  country  since  the  beginning  of  the  present  century.  Similarly, 
when  public  sanitation  was  first  launched  in  England  in  1870,  the  annual 
typhoid  death  rate  was  385  per  million  population.  Twenty  years  later,  it 
was  less  than  half  this.  Following  the  advent  of  improved  transportation 
and  subsequent  rehousing,  it  plummeted  to  a  mere  5  per  million  in  the 
early  1930’s.  This,  it  should  be  kept  in  mind,  was  entirely  due  to  sanitary 
measures  and  before  the  days  of  “miracle  drugs.” 

The  whole  public  health  structure  and  its  attainments  are  the  outgrowth 
of  public-spirited  citizens  and  humanitarians  who,  less  than  a  century 
ago,  began  to  appreciate  the  importance  of  this  field  in  government. 
There  was  wide  application  of  the  new  knowledge  of  hygiene,  derived 
from  a  better  understanding  of  infectious  disease  which,  in  turn,  had 
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been  provided  by  application  of  the  principles  and  techniques  enunciated 
by  Bernard,  Pasteur,  Lister,  and  Koch.  This  accounts,  in  large  measure, 
for  the  extension  of  life  from  38  to  56  years  that  took  place  between 
1850  and  1920. 

Briefly,  then,  the  19th  century  saw  the  genesis  of  a  powerful  experi¬ 
mental  tool  applied  to  the  problems  of  medicine.  From  these  basic  pro¬ 
cedures  evolved  tangible  contributions  to  life  and  health  such  as  anti¬ 
septic  and  aseptic  surgery,  safer  childbirth,  the  first  vaccine  therapy,  an 
urxlerstanding  of  infectious  diseases,  and  broad  application  of  new 
sanitary  principles  by  government  “to  promote  the  general  welfare." 

Another  stream,  welling  from  the  fountain  of  Bernard’s  experimental 
approach,  purled  forth  in  the  opening  years  of  the  present  century.  At 
that  time,  the  medical  world  largely  agreed  with  von  Behring’s  views 
that  “the  tissues  of  man  and  animal  are  many  times  more  susceptible  to 
the  poisonous  effects  of  disinfectants  than.. ..any  of  the  bacteria  known." 
Hence,  internal  chemical  sterilization  was  a  fool’s  dream.  All  hopes  for 
specific  anti-infectious  medication  centered  on  the  more  reasonable  ap¬ 
proach  of  sera  and  vaccines. 

The  vision  of  chemical  cures  for  disease  had  tantalized  man  for 
centuries.  Paracelsus  was  the  first  to  advocate  the  idea  but,  with  the 
flight  of  time,  its  attainment  seemed  to  slip  always  farther  from  man’s 
outstretched  fingertips.  Not  until  Bernard  had  elaborated  his  guiding 
principles  for  the  experimental  attack  on  such  a  problem,  and  organic 
chemistry  had  begun  to  burst  into  bloom,  were  the  necessary  ingredients 
available  for  the  creation  of  synthetic  drug  therapy.  Curiously  enough, 
the  chemical  industry,  whose  skill  overcame  the  chemical  complexities 
required  for  drugs,  was  an  outgrowth  of  the  accidental  discovery  of  the 
dyestuff  mauve  by  Perkin,  during  an  unsuccessful  attempt  to  synthesize 
quinine. 

Only  the  pertinacious  faith  of  Paul  Ehrlich,  a  saturnine  pathologist, 
in  stalking  an  elusive,  or  even  chimerical  quarry,  made  possible  medi¬ 
cine’s  release  from  the  cul-de-sac  of  vaccine  therapy.  A  younger  cousin 
of  the  Carl  Weigert  who  had  introduced  aniline  dyes  for  histological 
staining,  Ehrlich  was  an  indifferent  student  who  early  became  fascinated 
with  the  staining  of  pathological  specimens.  After  a  singularly  un¬ 
distinguished  academic  career,  the  “little  dye  dabbler’’  discovered  that 
different  dyes  had  specific  affinity  for  certain  tissues,  living  as  well  as 
dead.  Sometime  later,  while  working  with  Koch,  Ehrlich  concluded  that 
toxins  injure  only  those  cells  for  which  they  have  a  chemical  affinity 
and  then  only  part  of  the  cell  constituents.  When  the  damaged  cell 
survives,  it  replaces  the  injured  elements  and  also  produces  immune 
elements,  or  antibodies,  that  protect  the  cell  from  more  damage  by  the 
poison.  From  these  discoveries,  Ehrlich  was  Convinced  of  the  practicabil¬ 
ity  of  chemotherapy.  From  them,  he  postulated  his  “side-chain  theory" 
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and  set  about  to  test  it  “by  dint  of  continuous  and  persistent  effort 
applied  to  numerous  diemical  variations  to  discover  chemicals  which 
will  inflict  the  greatest  possible  injury  upon  the  parasite  without  at  the 
same  time  injuring  the  organism  they  infect.” 

At  this  time,  the  causative  organism  for  African  sleeping  sickness  had 
just  been  isolated,  and  scientists  at  the  Institut  Pasteur  in  Paris  had 
discovered  how  to  induce  the  disease  in  mice.  Ehrlich  established  the 
infection  in  a  mouse  colony  and  began  studying  the  effect  of  aniline 
dyes  on  the  trypanosomes  of  this  disease.  He  systematically  altered  the 
affinity  and  toxicity  of  the  dyes  by  subtly  modifying  the  chemical  con¬ 
stitution  of  those  that  showed  even  traces  of  therapeutic  activity.  Through 
the  craggy  defiles  of  chemistry,  he  relentlessly  pursued  his  quarry  until, 
in  trypan  red  and  trypan  blue,  he  seemed  to  approach  success.  These 
dyes  cured  mice,  almost  miraculously,  of  one  variety  of  trypanosomiasis, 
but  the  confirmatory  experiments  in  rats,  guinea  pigs,  and  dogs  laid  bare 
complicating  factors  of  which  he  had  not  even  guessed.  The  enigma  of 
internal  disinfection  was  infinitely  more  complex  than  had  been  supposed. 
Not  just  the  relative  sensitivity  of  host  and  parasite,  but  susceptibility 
of  the  infinite  subvarieties  of  the  microorganisms  and  species  differences 
in  the  host  had  all  to  be  delicately  balanced  with  the  exquisite  precision 
of  a  Chinese  puzzle.  It  was  a  sobering  disillusionment,  enough  to  blunt 
the  ardor  of  the  staunchest  soul.  Out  of  the  disappointments  of  these 
painful  truths,  Ehrlich  regrouped  his  vast  personal  and  intellectual 
resources  for  a  fresh  assault.  Yet,  as  Scott  has  put  it,  he  was  “like  one 
bewildered  in  a  country  where  mist  and  snow  have  disguised  those 
features  of  the  landscape.... best  known  to  him”  and,  before  some  new 
sign  could  be  found,  he  was  diverted  forever  from  the  study  of  trypanoso¬ 
miasis. 

In  1905,  the  parasite  that  causes  syphilis  was  identified.  Its  similarity 
to  the  trypanosome  kindled  in  Ehrlich  an  all-consuming  desire  to  sub¬ 
jugate  this  loathsome  scourge.  He  found  ways  of  infecting  rats  and 
mice  with  very  similar  parasites  and,  for  the  remaining  decade  of  his 
life,  nothing  could  turn  his  every  conscious  effort  from  this  personal 
war  against  the  plague  that  “marred  love  and  progeny  and  terrified  man¬ 
kind.”  Two  clues  suggested  the  tactics  for  his  campaign.  Paracelsus 
bad  used  arsenic  for  the  partially  successful  treatment  of  syphilis,  and 
the  English  had  discovered  an  arsenic  compound,  atoxyl,  that  was  ef¬ 
fective,  but  highly  toxic,  in  human  trypanosomiasis.  Therefore,  Ehrlich 
began  by  altering  the  atoxyl  molecule.  Victory  was  achieved  with  his 
606th  new  compound.  After  months  of  careful  study  in  animals,  the  first 
dozen  patients  received  Salvarsan.  The  first  doses  were  overgenerous, 
and  some  of  the  sufferers  died,  but  some  of  the  survivors  were  cured. 
However,  Salvarsan  was  not  the  therapia  sterilisans  magna  he  haa  sought, 
and  it  was  deadly  unless  used  with  elaborate  precautions.  Ehrlich 
labored  his  few  remaining  years  to  find  a  more  ideal  fulfillment  of  his 
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dream.  He  succeeded,  in  part,  with  Neosalvarsan.  Ehrlich’s  sudden 
death,  however,  and  the  convulsions  of  a  world  war  set  the  realm  of 
research  all  awry. 

When  order  was  once  more  restored,  those  who  followed  Ehrlich  found 
themselves  groping  in  his  footsteps  through  the  dim  twilight  of  a  rising, 
but  not  risen,  science.  Not  appreciating  fully  the  vital  importance  of 
producing  and  studying  infectious  disease  according  to  the  principles 
of  Bernard  and  his  successor,  their  successes  were  meager  and  enthusi¬ 
asm  ebbed.  Bewildered  and  bitter  critics  of  chemotherapy  branded 
Salvarsan  a  fluke  and  Ehrlich  a  romantic  Nostradamus  whose  basic 
tenets  had  been  false!  Twenty-five  years  of  labor  had  proved  rational 
chemotherapy  a  fata  morgana;  specific  protoplasmic  poisons  innocuous 
to  the  host  did  not  exist!  After  all  those  years,  chemotherapy  could  claim 
only  inadequate  antisyphilitics,  a  few  rather  indifferent  antimalarials, 
and  imperfect  trypanosomacides— treatments  for  only  a  few  nonbacterial 
diseases.  Each  disease  was  a  protozoan  disease,  caused  by  complex 
parasites  of  the  animal  kingdom,  and  these  were  simply  not  the  butchers 
of  mankind.  It  was  bacterial  disease  which  slashed  gaping  holes  in  the 
ranks  of  the  living.  Tuberculosis,  pneumonia,  peritonitis,  blood  poison¬ 
ing,  and  meningitis  were  the  infections  dreaded  by  physician  and  patient 
alike. 

Many  of  these  injections  could  have  been  duplicated  in  test  animals, 
x.e.,  the  experimental  study  was  possible,  but  no  great  progress  was 
forthcoming.  What  was  wrong?  Most  of  the  successful  drugs  contained 
elements  like  arsenic  that  were  known  to  be  poisonous,  but  that  only 
confirmed  Ehrlich’s  idea  When  I  was  a  medical  student  in  1920,  my 
distinguished  professor  suggested  that  bacteria,  in  contrast  to  complex 
protozoa,  were  a  primitive  form  of  life,  so  editable  to  adverse  environ¬ 
ment  that  they  could  resist  any  toxic  compound  which  human  tissues  could 
tolerate. 

Somehow,  through  all  this  era  of  doubt,  the  German  dye  industry  still 
clung  to  the  possibility  of  utilizing  dyestuffs.  Thus,  about  1930,  a  young 
pathologist  in  one  of  their  research  laboratories  trudged  back  to  his 
bench  one  day  with  a  “new”  assignment:  “Find  a  drug  that  will  kill 
streptococci”!  they  had  ordered.  So  it  was  that  Gerhard  Domagk  found 
himself  deluged,  like  the  hapless  Sorcerer’s  Apprentice,  in  a  multihued 
torrent.  I.  G.  Farbenindustrie  had  dyes  in  “good  measure,  pressed  down, 
shaken  together  and  running  over.”  Day  in  and  day  out,  Domagk  turned 
his  infected  mice  to  every  hue  in  the  spectrum,  until  at  last  there  was  a 
hint  of  activity,  now  down  this  track,  then  down  that,  to  a  brilliant  red  dye 
that  snatched  his  ailing  mice  right  from  Charon’s  somber  skiff. 

Not  long  after,  a  bottle  of  dusky  red  tablets  was  sent  to  a  clinic  for 
trial  in  human  streptococcal  infections  such  as  scarlet  fever,  blood 
poisoning,  or  childbirth  fever.  At  that  moment,  there  were  in  the  hospital 
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no  hopeless  “strept”  cases  on  which  one  might  try  an  experimental  new 
drug,  but  there  was  a  little  10-month-old  baby  doomed  to  die  in  a  day  or 
two  from  an  overwhelming  staphylococcus  infection.  Because  the  invad¬ 
ing  organisms  were  somewhat  similar  to  streptococci,  the  doctors  crushed 
a  half-tablet  and  fed  it  to  the  boy  vdiose  life  was  ebbing  fast.  Hours  later 
the  ward  was  in  a  panic.  The  baby  had  turned  bright  red!  Somehow,  the 
dxtors  found  the  courage  to  continue  this  frightening  dye.  Three  days 
later,  the  baby  was  still  carmine-hued,  but  restored  to  health.  Great 
Birnam  Wood  had  come  to  Dunsinane,  and  the  first  of  the  tyrant  infections 
toppled  before  a  crimson  cavalier.  In  case  after  hopeless  case,  the 
armies  of  invading  bacteria  were  slaughtered  almost  overnight  and  the 
patient  completely  cured  in  a  hand-span  of  days.  Then,  in  1935,  this 
new  warrior  was  dubbed  Prontosil  and  announced  to  the  world. 

Immediately,  a  master  French  chemist  was  aflame  with  curiosity,  eager 
to  learn  why  this  red  dye  murdered  bacteria  so  remarkably.  With  mis¬ 
chievous  malice  toward  the  sanctity  of  German  patents,  the  Institut 
Pasteur  began  to  study  this  complex  chemical.  Before  the  year  was  out, 
Ernest  Fourneau  proclaimed  that  the  active  principle  of  Prontosil  was 
the  incredibly  simple  and  colorless  p-aminobenzenesulfonamide,  or,  as 
it  was  to  be  christened,  sulfanilamide.  At  last,  chemists  and  biologists 
had  found  a  guidepost  through  the  wilderness,  and  innumerable  “sulfas” 
came  tumbling  forth  to  attack  vigorously  the  “strept”  and  “staph”  in¬ 
fections,  as  well  as  pneumonia,  meningitis,  gonorrhea,  mastoiditis,  and 
peritonitis.  They  laid  siege  to  the  citadels  of  infection  and  literally 
starved  the  bacteria  to  death  by  interfering  with  their  nutrition.  Death 
from  dozens  of  once-fatal  diseases  became  uncommon,  and  man’s  life 
span  was  again  prolonged. 

Still,  in  spite  of  the  excellent  results  reported  some  places  in  Eiuope, 
there  was  a  great  deal  of  skepticism  elsewhere  about  the  validity  of  the 
results.  In  the  summer  of  1935,  Doctor  Perrin  Long,  at  that  time  of  Johns 
Hopkins  Medical  School,  Baltimore,  Md.,  attended  a  medical  congress  in 
Lond6n,  England,  and  heard  a  well-known,  cautious,  British  clinician 
report  on  the  gratifying  results  of  sulfanilamide  in  childbirth  fever.  Now, 
this  was  something  different.  Here  was  a  man  Long  knew,  one  who  was 
not  the  kind  to  be  jauntily  building  castles  in  Spain,  a  man  who  had  found 
very  nearly  perfect  results  in  an  almost  invariably  fatal  disorder.  Long 
brought  back  supplies  of  the  drugs  and,  leaving  nothing  to  chance,  begem 
to  study  Prontosil  and  sulfanilamide  from  bedrock  up.  The  most  vicious 
infectious  organisms  were  introduced  into  experimental  animals,  and  ex¬ 
haustive  tests  were  followed  by  a  few  cautious  trials  in  humans.  Results 
were  good,  but  Long  was  not  going  to  be  trapped  by  overhasty  optimism 
into  publishing  them  too  early.  Then,  one  day  he  was  called  to  the  tele¬ 
phone  to  talk  to  an  alarmed  mother  calling  from  Boston,  Mass.  Her  son 
was  dying  of  a  streptococcal  infection  that  had  spread  from  his  sinuses. 
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and  the  specialists  had  told  her  that  Doctor  Long  was  investigating  a  I  i 
new  European  drug  that  might  be  useful  in  such  a  case.  A  tew  days  atter  ^  < 
Doctor  Long  had  hastened  to  Boston  with  the  drug,  newspaper  headlines,  I 
and  stories  in  weekly  news  magazines  on  the  miraculous  cure  catapulted  ■ 

the  cautious  physician  and  this  country,  willy-nilly,  into  the  Sulfa  Age,  I 

for  the  young  man  was  a  president’s  son,  and  the  anxious  mother  was  < 
Mrs.  Eleanor  Roosevelt.  I  I 

Although  indispensable  in  the  physicians’s  armamentarium,  the  sulfas  j  I 
were  not  the  Theriac  of  Paracelsus,  since  many  microorganisms,  such  as  |  ^ 
those  of  tuberculosis  and  syphilis,  defied  these  antiseptics.  Nor  were  |  * 
they  the  exemplification  of  Ehrlich’s  “magic  bullet,”  since  they  oc-  ^ 
casionally  damaged  the  patient’s  kidneys  or  made  him  uncomfortably  ' 
dizzy  or  nauseated.  Though  far  from  perfect,  the  sulfa  drugs  were,  never-  f  ' 
theless,  miraculous  Aaron’s  rods  blooming  in  the  midst  of  a  previously  1  I 
unbroken  wilderness.  I  ' 

What,  then,  of  those  scientists  who,  during  the  long  doldrum  years  i  ^ 
after  Salvarsan,  rejected  chemical  “disinfection”?  They  did  not  desert  |  ' 
the  field,  but  instead  went  searching  new  approaches  to  assault.  As  the  ' 
science  of  bacteriology  developed,  it  became  apparent  that  something  ' 
kept  pathogenic  bacteria  in  check;  otherwise,  with  their  incredible  rate 
of  proliferation,  they  would  soon  engulf  the  hapless  world  like  a  swarm  ' 

of  Lilliputian  locusts.  Eventually,  it  was  realized  that  certain  kinds  of  ' 

bacteria  harmless  to  man  were  relentless  destroyers  of  organisms  patho-  ' 

genic  to  humans  and,  indeed,  were  the  incarnation  of  Swift’s  satirical  ^ 

jingle:  ‘ 

I 

“So,  nat’ralists  observe,  a  Flea  ^ 

Hath  smaller  Fleas  that  on  him  prey; 

And  these  have  smaller  fleas  to  bite  ’em,  , 

I 

And  so  [xoceed  ad  infinittm."  I 

Here  was  a  spur  to  flagging  imaginations.  It  led  Elie  Metchnikoff  to  i 

postulate,  “These  friendly  bacteria.... use  some  chemical  weapons  j 

against  the  invaders,  of  the  nature  of  which  we  are  unfortunately  igno-  i 
rant.  ”  i 

A  few  cai^ht  the  scent,  and  the  chase  began.  With  passing  time,  small  i 

prizes  were  captured  as,  from  one  species  and  another,  active  substances  i 

were  isolated.  All  suffered  from  the  same  type  of  defect  when  injected;  | 

they  destroyed  the  blood  or  other  cells  as  diligently  as  the  offending  ] 

bacteria.  Then  too  the  medical  profession  continued  to  display  a  monu-  < 

mental  lack  of  interest  in  this  approach  to  infection.  I 

Thus  it  was  that  unusually  hot  summer  weather,  an  old  fashioned  | 

laboratory,  a  curious  mind  blessed  with  keen  perception,  and  a  half-  ( 

forgotten  memory  coincided  to  discover  the  “Cinderella  of  science.”  A  | 

blue-green  mold— a  very  common  one,  similar  to  those  that  grow  on  bread 
and  cheese— fell  accidentally  into  an  agar  plate  of  staphylococci.  It  ( 
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ruined  Alexander  Fleming’s  experiment  but  gave  him  the  greatest  triumph 
of  his  life,  for,  instead  of  tossing  the  plate  away  as  others  had  before, 
he  slipped  it  under  a  microscope  and  became  the  first  man  to  see  the 
miracle  of  penicillin  in  the  act  of  destroying  bacteria.  However,  because  of 
limited  laboratory  facilities,  Fleming  could  never  produce  more  than  min¬ 
ute  quantities  of  impure  material.  His  discovery  was  all  but  forgotten  until 
the  stern  needs  of  World  War  II  made  it  imperative  to  follow  up  every  lead 
toward  a  better  handling  of  the  battlefields’  ravaging  infections.  Ernest 
Florey’s  inspired  insight  and  boundless  faith  and  enthusiasm  generated 
the  vast  expenditures  of  time,  money,  and  talent  that  transformed  a 
laboratory  curiosity  into  a  practical  reality.  International  cooperation  of 
government  agencies,  private  foundations,  and  the  endless  capacity  of 
American  industry,  together  with  the  expenditure  of  $100,000,000  rapidly 
perfected  this  medical  miracle  for  the  benefit  of  soldier  and  civilian 
alike.  In  all  probability,  but  for  World  War  II,  penicillin  would  still  be 
just  a  few  more  dusty  pages  in  a  seldom  read  volume  of  an  out-of-date 
scientific  journal.  However,  the  Fates  are  sometimes  kind  to  us,  for  this 
one  by-product  of  World  War  II  has  already  saved,  and  will  continue  to 
save  each  year,  more  lives  than  were  laid  down  in  that  entire  conflict. 

From  the  advent  of  penicillin,  efforts  were  directed  toward  the  system¬ 
atic  investigation  of  soil  microbes  in  test  tubes,  animals,  and,  at  length, 
in  humans.  Soil  samples  from  all  over  the  globe  contributed  streptomycin, 
Aureomycin,  Terramycin,  Chlcvomycetin,  and  a  dozen  others,  each  a 
Nemesis  for  diverse  diseases.  Prophetically  applicable  to  these  wondrous 
antibiotics  are  the  words  of  Ecclesiasticus  that  “The  Lord  hath  created 
medicines  out  of  the  earth.’’  All  these  benefits  to  humanity,  however, 
did  not  descend  full-blown  from  heaven.  Rather,  they  were  the  results  of 
long,  skilled,  deliberate  research  in  which  there  was  continuous  applica¬ 
tion  of  Claude  Bernard’s  basic  principles. 

As  a  consequence  of  the  discovery  of  sulfa  drugs  and  antibiotics, 
death  rates  from  bacterial  infections  have  tumbled  almost  to  the  vanish¬ 
ing  point.  Tuberculosis,  which  Bunyan  once  called  “the  Captain  of  these 
men  of  death,’’  killed  500  per  100,000  population  in  1850.  Now,  thanks  to 
a  method  of  producing  experimental  tuberculosis  in  animals  that  per¬ 
mitted  search  for  chemotherapeutic  weapons  against  it,  tuberculosis 
mortality  in  1955  will  be  about  9  or  10  per  100,000,  and  the  rate  is  drop¬ 
ping  constantly  each  year.  Similarly,  in  the  20  years  between  1933  and 
1953,  surgical  appendicitis  deaths  were  reduced  to  one  tenth  of  the  pre¬ 
sulfa  number  by  the  use  of  drugs  developed  from  studies  on  experimental 
laboratory  infections.  Malaria,  once  a  racking  lifetime  ague,  cannot  only 
be  controlled  by  drugs,  but  it  can  now  be  cured  in  a  few  days,  thanks  to 
our  ability  to  produce  malaria  in  experimental  animals  and,  thus,  to  study 
the  disease  at  our  leisure  according  to  Bernard’s  and  Koch’s  precepts. 

The  major  problem  remaining  in  the  field  of  infections  are  the  viruses. 
Only  a  few  of  these  diseases  are  fatal:  smallpox,  rabies,  infectious 
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jaundice,  influenza,  poliomyelitis,  etc.  For  some  of  these  diseases  there 
are  preventatives  or  treatments  that  offer  at  least  partial  protection. 
Already  some  viruses  are  well  within  the  reach  of  conquest.  Many  can 
now  be  cultivated  in  the  laboratory  much  as  bacteria  are  cultivated,  and 
some  can  be  transmitted  to  laboratory  animals,  thus  permitting  us  to 
determine  the  effects  of  chemical  compounds  on  the  course  of  these 
diseases.  The  reduction  of  diseases  to  laboratory  proportions  that  can 
be  studied  at  will  has  constituted  the  most  important  single  step  in 
finding  a  preventive  or  cure  for  them.  Hence,  today  we  face  the  virus 
diseases  much  as  we  did  the  bacterial  disorders  just  before  the  dis¬ 
covery  of  Prontosil.  One  day  soon  some  scientific  Hercules  will  find  a 
way  to  lift  the  viral  Antaeus,  and  then  measles,  mumps,  polio,  the  com¬ 
mon  cold,  and  a  legion  of  others  will  go  the  way  of  the  bacterial  diseases. 
At  present,  we  have  the  partially  effective  Salk  vaccine  for  poliomyelitis, 
and  improved  preparations  are  said  to  be  only  a  few  years  away  from 
general  use.  With  the  refined  methods  of  laboratory  study  now  available, 
it  is  only  a  question  of  time  before  chemotherapeutic  control  will  follow. 

What  is  happening  to  the  untold  millions  of  people  who  every  year  now 
escape  the  erstwhile,  would-be  infectious  assassins?  Life  still  deserts 
us,  as  it  always  has,  even  though  it  now  does  so  many  years  later,  for, 
as  Shakespeare  put  it,  although  "by  medicine  life  may  be  prolonged,  yet 
death  will  seize  the  doctor,  too.”  So  it  is  that  our  own  age  still  has  its 
Hermes  to  lead  us  into  the  Shade. 

Beyond  all  odds,  the  greatest  killer,  accounting  for  more  than  50  per 
cent  of  all  present  deaths  in  the  United  States,  is  cardiovascular  disease, 
which  includes  heart  disorders,  apoplexy,  and  arteriosclerosis.  Cancer 
follows  a  poor  second  with  about  15  per  cent  of  deaths.  It  is  a  significant 
tribute  to  the  progress  of  medical  science  that  the  number  three  killer  is 
largely  outside  the  control  of  the  medical  profession.  Accidents  account 
for  7  per  cent  of  all  deaths. 

About  the  great  slayer,  cardiovascular  disease,  we  have  much  to 
learn,  but  we  are  making  encouraging  progress.  For  example,  high  blood 
pressure  can  now  be  produced  in  a  variety  of  ways  in  animals  and  thus, 
at  last,  effectively  studied  in  the  laboratory.  Arteriosclerosis  can  be 
induced  at  will  in  several  species  of  experimental  animals.  Better 
knowledge  of  causal  mechanisms  and  effective  treatment  can  scarcely 
be  far  off,  now  that  the  experimental  disease  is  available  for  laboratory 
study.  The  influence  of  heparin  in  arteriosclerotic  chicks  seems  to 
indicate  that  this  degenerative  process  may  be  reversible  and  offers  us 
insight  into  the  problem,  even  though  similar  treatment  in  man  is  not  at 
present  practical.  Already,  studies  of  hypertension  have  found  ways  of 
reducing  dangerously  high  blood  pressure,  improving  circulation  to 
affected  kidneys,  and  relaxing  blood  vessels  of  the  brain  to  lessen  the 
likelihood  of  strokes.  Plant  alkaloids  and  various  synthetic  drugs  have 
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already  much  improved  the  prognosis  of  the  hypertensive  patient.  As  we 
further  improve  our  methods  of  study  and  examine  more  new  synthetic 
compounds,  a  high  degree  of  success  is  inevitable  and  is  not  likely  to 

ibe  unduly  delayed. 

Though  of  lesser  numerical  importance  than  the  cardiovascular  dis¬ 
eases,  it  is  cancer  that  has  replaced  plague  and  cholera  as  man’s  greatest 
bugaboo.  The  shadows  and  fears  of  malignancy  seem  to  strike  more 
terror  into  the  soul  than  the  substance  of  many  more  deadly  diseases. 
Yet,  here  we  are  very  close  to  success,  perhaps  but  a  hairbreadth  from 
at  least  a  partial  victory.  Every  requirement  for  successful  systematic 

I  experimental  attack  has  been  satisfied.  A  wide  variety  of  cancers  are 
available  for  study  in  the  experimental  laboratories.  We  can  produce 
cancer  by  inoculating  healthy  animals  with  cancer  cells  from  an  infected 
host,  by  feeding  baby  mice  on  milk  from  a  mother  of  a  cancerous  strain, 
or  by  injecting  noxious  chemicals  that  cause  the  development  of  cancer 
in  the  irritated  tissues.  Already  substances  similar  to  the  war  gases, 

I  such  as  nitrogen  mustard,  have  been  found  to  have  a  retarding  effect  in 
human  tumors.  Chemical  variations  from  the  vitamin,  folic  acid,  can  pro- 
raote  nearly  normal  blood  production  for  a  period  up  to  two  years  in 
children  with  leukemia,  while  a  variety  of  chemicals  known  to  interfere 
with  cell  division  offer  additional  clues  to  follow. 

Of  growing  importance  are  those  diseases  of  advanced  years  which 
only  cripple,  inconvenience,  or  incapacitate.  Those  include  neurological 
disorders,  mental  diseases,  and  infirmities  of  advanced  age.  Is  there  any 
hope  for  these  afflictions?  There  certainly  is!  Considerable  progress  has 
already  been  achieved  against  some.  History  teaches  that  the  solutions 
may  come  from  identifying  the  source  and  physiological  nature  of  the 
disorders,  reproducing  them  in  laboratory  animals,  and  always  searching 
diligently  for  useful  therapies  in  accordance  with  the  guiding  principles 

I  of  Claude  Bernard. 

These  neurological  and  psychiatric  afflictions  constitute  an  especially 
urgent  therapeutic  problem,  since  most  of  them  are  compatible  with  pro¬ 
longed  life  and  can  be  expected  to  increase  in  frequency  as  our  popula¬ 
tion  progressively  ages.  For  migraine,  epilepsy,  paralysis  agitans, 
neuritis,  neuralgia,  and  myasthenia  gravis,  there  are  partially  effective 
symptomatic  treatments.  In  the  case  of  multiple  sclerosis,  of  cerebral 

I  palsy,  and  of  the  muscular  dystrophies,  much  progress  must  be  made 
before  even  symptoms  can  be  controlled.  Some  of  the  answers  undoubted¬ 
ly  lie  in  prenatal  and  birth  injuries,  so  that  studies  into  problems  of 
pregnancy  and  early  infancy  may  shed  light  here.  The  major  barrier  to  be 

(surmounted  is  our  inability  to  reproduce  any  of  these,  other  than  some 
forms  of  epilepsy,  in  the  laboratory.  Much  basic  physiological  work  must 
be  done  before  we  can  attack  these  diseases  systematically  and  with 
adequate  impact,  but  such  efforts  are  already  under  way. 

Psychiatric  disorders  fill  up  more  hospital  facilities  than  all  other 
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illnesses  combined.  This  makes  the  study  of  mental  health  the  top 
priority  medical  need.  It  is  also  the  most  difficult  need  to  meet  since, 
throughout  the  ages,  illnesses  of  the  mind  have  been  the  most  bewilder¬ 
ing  to  attack.  All  through  recorded  history,  up  until  a  little  more  than  a 
century  ago,  there  was  a  most  primitive  attitude  toward  these  affliction^. 
It  was  generally  agreed  that  the  mentally  ill  were  “possessed.”  In  the 
rarer  benevolent  times  it  was  a  god  who  was  imagined  to  be  in  control 
of  the  erring  senses  but,  generally,  it  was  thought  to  be  one  or  another 
of  the  evil  spirits.  Only  a  few  enlightened  men,  such  as  Phillipe  Pinel 
and  Benjamin  Rush,  denied  the  efficacy  of  regular  floggings  and  treated 
the  demented  as  physically  sick  patients.  It  was  not  until  the  develop¬ 
ment  of  modem  psychiatry,  late  in  the  19th  century,  that  insanity  was 
accepted  as  a  disease,  and  improved  treatment  and  better  understanding 
of  causes  and  mechanisms  developed. 

Except  in  a  few  specialized  types,  such  as  the  paresis  of  syphilis  or 
the  dementia  of  ergot  poisoning,  it  was  generally  assumed  that  mental 
diseases  were  not  accessible  through  the  experimental  approach.  True, 
Pavlov  and  others  produced  neurotic  rats,  goats,  and  so  forth,  but  did  so 
primarily  to  study  behavior,  and  not  with  the  idea  of  employing  direct 
drug  therapy.  The  picture  in  this  field,  outside  of  psychotherapy,  has 
been  bleak,  psychiatrists  and  pharmacologists  having  no  common  ground 
on  which  to  meet.  Then,  a  few  months  ago,  prominent  psychiatrists  out¬ 
lined  a  stirring  story  that  should  revolutionize  the  whole  prospect  of 
mental  disease.  This  was  not  a  slightly  simmered-over  potpourri  of 
Pavlovian  physiology,  but  a  whole  new  conceptual  approach,  completely 
fresh  in  outlook  and  discussed  in  terms  of  Bernard’s  principles  to  achieve 
the  Ehrlichian  goal  of  drug  therapy.  What  was  exciting  in  the  reports  was 
not  only  the  clinical  success  of  chlorpromazine,  reserpine,  and  other 
drugs  that  were  the  result  of  the  venerable  empirical  approach,  but  the 
fact  that  drugs  that  were  not  primarily  sedatives  or  psychomotor  agents 
had  a  profound  influence  on  the  mind.  This  has  necessitated  a  re-evalua¬ 
tion  of  earlier  neuropsychiatric  therapy,  with  the  result  that  some  psy¬ 
chiatrists  now  believe  they  must  set  aside  the  concept  that  “mental 
illness  is  a  way  of  life”  and,  as  such,  has  to  be  attacked  mentally.  Brill 
has  indicated  that  he  believes  this  concept  has  been  the  greatest  of  all 
stumbling  blocks  in  the  advance  of  psychiatry. 

It  had  been  held  that  mental  symptoms  arose  in  the  higher  centers  of 
the  brain.  Hence,  since  animals  lack  these  cerebral  areas,  they  were 
supposed  to  be  free  from  psychoses.  But  now  this  does  not  appear  to  be 
true.  Excitement,  aggression,  depression,  disorientation,  halucinations, 
and  the  other  major  symptoms  of  mental  disease  are  primitive  reaction 
patterns  that  are  elicitable  in  animals  as  well  as  in  man.  A  few  psychoses 
can  now  be  induced  in  animals  by  drugs  and  can  be  cured  with  other 
compounds.  Thus,  the  way  is  opening  to  the  systematic  study  of  the 
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symptomatic  control  of  some  kinds  of  mental  derangement.  Since  control 
of  symptoms  assists  spontaneous  cure,  good  symptomatic  relief  will 
constitute  a  major  step  toward  the  amelioration  of  many  mental  problems. 

It  is  estimated  that  some  10  million  people  in  this  country  suffer  from 
some  degree  of  neuropsychiatric  infirmity.  They  have,  like  St.  Augustine, 
“become  problems  unto  themselves.”  About  three  quarters  of  a  million 
are  hospitalized.  Until  recent  times,  only  about  one  in  seven  of  these 
cases  could  be  improved  with  traditional  drug  therapy,  and  a  still  smaller 
proportion  cured.  Therefore,  there  is  tremendous  room  for  progress.  At 
last,  however,  the  signs  pointing  to  the  right  experimental  approaches 
have  been  perceived,  so  that  we  may  look  forward  to  a  period  of  un¬ 
precedented  progress,  from  what  has  been  a  most  disheartening  morass. 

Old  age  presents  its  special  problems.  As  we  subdue  each  former 
colossus  of  disability,  conquest  of  the  remaining  diseases  becomes  more 
urgent.  As  a  result,  a  whole  new  division  of  medicine  is  being  creat^  to 
deal  with  the  special  problems  of  the  aged.  However,  there  will  be  no 
zest  in  life  at  100  or  150  years  of  age  if  one’s  mind  is  misty,  eyes  and 
ears  are  untrue,  digestion  is  awry,  and  bones  are  too  brittle.  Medicine  is 
therefore  already  working  to  overcome  the  development  of  worn-out  organs 
and  flagging  minds.  We  must  overcome,  too,  the  tendency  of  men  to  die 
many  years  earlier  than  women,  so  that  we  may  all  enjoy  our  last  years 
together  in  the  companionship  and  peace  of  Baucis  and  Philemon.  As  the 
science  of  geriatrics  progresses  hand-in-hand  with  the  rest  of  medicine, 

I  am  sure  we  shall  belie  Aristophanes’  complaint  that  “old  age  is  but  a 
second  childhood”  and  shall  attain  some  Avalon  “not  far  this  side  of 
terrestrial  paradise.” 

The  last  half  century  has  brought  us  the  most  unprecedented  pro¬ 
longation  of  human  life  in  the  annals  of  mankind.  The  major  cause  of  this 
unparalleled  progress  in  public  health,  physiology,  pharmacology,  medi¬ 
cine,  and  surgery  has  been  the  fruitful  application  of  the  experimental 
methods  of  research  as  exemplified  so  well  by  Bernard,  Pasteur,  Koch, 
and  Ehrlich.  Where  success  is  not  yet  complete,  the  problems  and  tech¬ 
niques  of  attack  are  clearly  understood.  This  logical  experimental  ap¬ 
proach  to  the  challenge  of  disease  assures  us  that  the  Golden  Age  of 
Medicine  which  we  now  enjoy  will  extend  far  into  the  future.  Who  would 
dare  be  so  rash  as  to  try  to  predict  when  it  will  end? 
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ABSTRACTS  OF  PRIZE-WINNING  PAPERS 

ON  THE  CELL  MODEL  FOR  SOLUTION 
By  Stuart  A.  Rice* 

Awarded  an  A.  Cresay  Morrison  Prize  in  Natural  Science,  1955 

The  cell  theory  of  solutions  is  critically  examined  and  is  shown  to  be 
the  first  term  in  an  exact  expansion  of  the  partition  function  for  a  mixed 
system  having  a  random  configuration.  Model  calculations  show  that  the 
effect  of  nonrandom  configurations  is  small.  The  cell  model  is  also 
generalized  by  including  configurations  in  which  there  is  multiple  occu¬ 
pation  of  single  cells  by  several  molecules.  The  two  rigorous  expansions 
of  the  partition  function  are  discussed  and  the  contributions  of  the  higher 
order  terms  measured  against  the  contributions  due  to  holes  as  calculated 
from  a  hole  model  for  solutions.  Finally,  the  additivity  hypothesis  of 
Prigogine  is  examined,  and  a  method  suggested  for  extending  it. 


THE  EFFECTS  OF  CONTINUOUS  IRRADIATION  BY  TRITIUM 
ON  CELLS  CULTIVATED  IN  VITRO 

By  Agnes  N.  Stroud** 

Awarded  an  A.  Creasy  Morrison  Prize  in  Natural  Science,  1955 

The  effects  of  continuous  irradiation  with  tritium  oxide  on  chick 
embryo  skeletal  muscle  in  tissue  culture  are  studied  by  means  of  stained 
preparations,  time-lapse  cinematographs,  and  serial  photographs,  irradi¬ 
ation  being  delivered  by  the  incorporation  of  tritium  into  the  water  of  the 
culture  medium. 

Observations  on  cells  under  continuous  irradiation  serve  to  amplify 
somewhat  our  knowledge  of  radiation  effects  during  intermitotic  and 
mitotic  division.  At  the  dose  levels  studied,  structural  chromosome 
changes  are  rarely  seen,  although  a  variety  of  functional  abnormalities 
in  the  mitotic  process  are  observed.  These  changes  involve  interference 
with  the  coordination  of  the  various  events  associated  with  cell  division; 
visible  mitosis  is  prolonged  at  metaphase,  and  surface  motion  of  the 
mitotic  cell,  which  normally  occurs  at  anaphase,  may  appear  much 
earlier  in  the  cycle  as  the  result  of  the  delayed  metaphase.  The  formation 
of  the  cleavage  furrow  and  the  surface  motions  are  mutually  independent, 
and  both  are  also  independent  of  the  state  of  the  spindle  and  of  chromo¬ 
some  movement. 

The  changes  mat  are  more  closely  dependent  on  dose  rate  than  on 
total  radiation  dose  are  depression  of  prophase  index  and  the  proportion 

'Department  of  Chemistry,  Harvard  University,  Cambridge,  Mass. 

"Division  of  Biological  and  Medical  Research,  Argonne  National  Laboratory,  Lemont, 
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I  of  metaphases  that  are  abnormal.  At  hi^h  dosage  rates,  one  frequently 
\  observes  degeneration  of  the  cell  with  accumulation  of  basophilic  ma- 
[  terial  in  the  cytoplasm,  or  death  by  explosive  dissolution  of  the  cell 
content. 

The  specific  rate  at  which  cells  enter  mitosis  decreases  slowly  with 
increasing  radiation  dose,  and  the  number  of  mitoses  seen  at  one  time 
(mitotic  index)  rises  sharply.  This  is  accounted  for  by  the  marked  in¬ 
crease  in  the  duration  of  mitosis  at  metaphase,  in  which  the  passage  of 
a  cell  through  the  visible  phases  is  generally  delayed,  thereby  giving  an 
enoneous  picture  of  the  true  rate  of  cell  division.  Under  these  conditions 
the  effect  is  sufficient  to  invalidate  the  use  of  the  mitotic  index  as  an 
index  of  the  rate  of  cell  division. 

The  abnormalities  produced  by  the  tritium  beta  rays  appear  to  be  radi¬ 
ation  effects  on  the  metabolic  phenomena  and  energy  pathways  respon¬ 
sible  for  the  highly  specialized  sequence  of  physiochemical  events  that 
determine  the  orderly  mitotic  process.  It  appears  that  these  changes  have 
not  been  prominently  observed  after  single  doses  of  radiation  due,  in 
part,  to  the  great  predominance  of  structural  chromosome  damage  where 
intense  dose  rates  are  employed,  but  quite  likely  also  to  the  fact  that 
observations  are  generally  made  after  an  interval  during  which  mitosis  is 
altogether  suppressed,  or  has  then  had  a  chance  to  recover,  thus  allowing 
I  time  for  recovery  from  other  effects. 

I  THE  EFFECTS  OF  COSMIC  RAYS  ON  THE  TERRESTRIAL  ISOTOPE 
■  DISTRIBUTION 

1 

'  By  Serge  A.  Korff* 

i  Awarded  the  Boris  Pregei  Prize  in  Natural  Radi  oactive  Substances,  1955 

Quantitative  consideration  is  given  to  the  production  of  new  isotopes 
by  the  cosmic  radiation.  First,  the  medianisms  are  reviewed  and  inten- 
I  sities  are  estimated.  Then  the  radiocarbon  situation  is  briefly  mentioned. 

I  Next,  the  tritium  and  helium-3  problem  is  reviewed.  The  procedures  to 
^  use  stable  isotopes  such  as  helium-3  for  dating  are  discussed.  The 
[  various  processes  operative  in  the  atmosphere  and  upper  parts  of  the 
earth  are  considered,  and  it  is  shown  that  most  of  the  possible  processes 
I  do  not  lead  to  observable  amounts  of  new  isotopes  being  formed.  A 
number  of  processes  actually  occiuring  are  shown  to  lead  to  the  addition 
of  a  small  amount  to  an  already  abundant  isotope.  It  is  further  shown  that 
j  the  presently  existing  amounts  of  such  isotopes  as  nitrogen-15  or  oxygen- 
.  17  cannot  be  ascribed  to  cosmic  radiation,  and  that  the  amount  of  deuterium 
in  the  world’s  hydrogen  is  far  greater  than  the  cosmic  radiation  could 
have  produced  at  present  intensities. 


'Department  of  Physics,  New  York  University,  New  York,  N.  Y. 


230 


TRANSACTIONS 


STRUCTURAL  DESIGN  STUDY  FOR  RADIO  TELESCOPE  WITH 
600-FOOT-DIAMETER  PARABOLOID  REFLECTOR 

By  Jacob  Feld* 

Awarded  the  D.  B.  Steinman  Prize  for  Research  in  Structural  Engineering 

The  recent  extensions  of  astronomical  research  by  the  measurement  of 
radio  waves  emitted  by  celestial  bodies  has  introduced  a  new  type  of 
design  problem  to  structural  engineers.  Unusual  requisites  to  meet  this 
I^oblem  beyond  stability  for  static  and  wind  loadings  are  measurability 
of  extremely  sensitive  accuracy  of  geometric  shape  and  precise  stationary 
positioning,  as  well  as  smooth  controllable  tracking  movements  to  focus 
continuously  a  celestial  point.  This  report  is  a  summary  of  a  feasibility 
study  made  to  determine  (1)  whether  a  600-foot-diameter  paraboloid  dish 
can  be  structurally  designed  to  provide,  in  effect,  a  focusing  mirror  for 
wave  lengths  as  low  as  10  cm.  in  all  positions  covering  the  entire  solar 
hemisphere;  (2)  whether  it  can  be  controlled  in  sidereal  motion;  and  (3)  I 
what  costs  the  project  would  entail.  Many  general  ideas  have  been  sug-  I 
gested  in  the  20-year  history  of  this  new  subject,  and  several  small  | 
dishes,  up  to  82  feet  in  diameter,  have  been  built  and  are  now  in  use. 
The  tremendous  increase  in  dimension  of  this  space  structure  required  a 
completely  new  approach  to  the  problem,  and  the  solution  indicates  that 
such  an  instrument  is  structurally  feasible  at  reasonable  cost  and  can 
be  expected  to  perform  within  the  required  tolerances  of  shape  and  posi¬ 
tion  under  normal  wind  loadings. 
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THE  NEW  YORK  ACADEMY  OF  SCIENCES 

announces 

THREE  PRIZE  CONTESTS  FOR  1956 


The  New  York  Academy  of  Sciences  announces  the  following  prize  contests 
for  the  coming  year: 

I.  THE  A.  CRESSY  MORRISON  PRIZES  IN  NATURAL  SCIENCE 

Two  prizes  of  $400  each,  to  be  known  as  the  A.  Cressy  Morrison  Prizes  in 
Natural  lienee,  will  be  awarded  at  the  Annual  Meeting  of  The  New  York  Academy 
of  Sciences  in  December  1956  for  the  two  most  acceptable  papers  in  a  field  of 
science  covered  by  the  Academy  or  an  Affiliated  Society. 

n.  THE  BORIS  PREGEL  PRIZE  IN  THE  FIELD  OF  NATURAL  RADIOACTIVE 
SUBSTANCES 

Through  the  generosity  of  Doctor  Boris  Pregel,  a  prize  of  $500  is  offered  for 
the  most  acceptable  paper  embodying  the  results  of  research  in  the  field  of  natural 
radioactive  substances  received  in  competition  during  the  year  1956.  The  award 
of  this  prize  will  be  announced  at  the  Annual  Meeting  of  the  Academy  in  December 
1956. 

in.  THE  D.  B.  STEINMAN  PRIZE  FOR  RESEARCH  IN  STRUCTURAL  ENGI¬ 
NEERING 

Through  the  generosity  of  Doctor  D.  B.  Steinman,  a  prize  of  $500  is  offered  for 
the  most  acceptable  original  paper,  submitted  from  the  membership  in  the  Acad¬ 
emy,  in  the  field  of  pure  or  applied  research  in  structural  engineering  or  the  re¬ 
lated  science  of  aerodynamics  or  as  applied  to  the  analysis  and  design  of  civil 
engineering  structures.  The  purpose  is  to  encourage  research  development  and 
writing  in  the  subject  engineering  sciences.  The  award  of  this  prize  will  be  an¬ 
nounced  at  the  Annual  Meeting  of  the  Academy  to  be  held  in  December  1956. 


'  CONDITIONS  GOVERNING  THESE  PRIZES 

;  (1)  Eligibility.  Authors  and  co-authors  competing  for  prizes  I,  and  m  shall  be 

I  members  in  good  standing  of  The  New  York  Academy  of  Sciences  or  one  of  its 
Affiliated  Societies,  but  nonmembers  may  become  eligible  by  joining  one  of  these 
organizations  before  the  closing  date. 

Competition  for  prize  II  is  open  to  all  scientists  engaging  in  research  in  the 
field  of  natural  radioactive  substances. 

(2)  Date.  Papers  are  to  be  submitted  on  or  prior  to  October  15,  1956,  to  the 
Executive  Director  of  The  New  York  Academy  of  Sciences,  2  East  Sixty-third 
Street,  New  York  21,  New  York. 

(3)  Papers.  All  papers  submitted  must  embody  the  results  of  original  research 
not  previously  published.  The  manuscript  shall  be  typewritten,  in  English,  ac¬ 
companied  by  all  necessary  photographs,  drawings,  diagrams,  and  tables,  and 
shall  be  ready  for  publication.  Papers  must  be  accompanied  by  a  summary  of  the 
data  presented  and  conclusions  reached. 

(4)  Awards.  The  awards  shall  be  made  by  the  Council  of  The  New  York  Acad¬ 
emy  of  Sciences.  The  decision  of  the  judges  shall  be  final. 

(5)  Publication.  The  Academy  shall  have  first  option  on  the  publication  of  all 
papers  submitted,  unless  especially  arranged  for  beforehand  with  the  authors,  but 
such  publication  is  not  binding  on  the  Academy. 

(6)  Wherever  and  whenever  published,  the  papers  awarded  the  prizes  shall  be 
accompanied  by  one  of  the  three  following  statements: 

In  competition  I,  “Awarded  an  A.  Cressy  Morrison  Prize  in  Natural  Science  in 
1956  by  The  New  York  Academy  of  Sciences”; 

In  competition  II,  “Awarded  a  Boris  Pregel  Prize  for  Research  on  Natural 
Radioactive  Substances  in  1956  by  The  New  York  Academy  of  Sciences”; 

In  competition  III,  “Awarded  a  D.  B.  Steinman  Prize  for  Research  in  Structural 
Engineering  in  1956  by  The  New  York  Academy  of  Sciences.” 
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Such  a  statement,  in  substance,  must  also  accompany  any  formal  publicity  ' 
initiated  by  the  author  regarding  the  prize  paper.  If  published  elsewhere  with  the 
consent  of  The  New  York  Academy  of  Sciences,  six  copies  of  each  prize  paper 
must  be  deposited  shortly  after  publication  with  the  office  of  The  New  York  Acad¬ 
emy  of  Sciences. 

THE  NEW  YORK  ACADEMY  OF  SCIENCES 
2  East  Sixty-third  Street 
New  York  21,  New  York 

Eunice  Thomas  Miner 
Executive  Director 
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?  SECTION  OF  PHYSICS  AND  CHEMISTRY* 

'  TOXIC  EFFECTS  OF  THERAPEUTIC  AGENTS  UPON  THE 

HEMATOPOIETIC  SYSTEM** 

'  By  Paul  Reznikoff  and  Marilyn  Wells 

I  Department  of  Medicine,  Cornell  University  Medical  College,  New  York,  N.  Y.; 
and  the  New  York  Hospital,  New  York,  N.  Y. 

I  Recent  advances  in  chemistry  and  physics  and,  more  particularly,  in 
pharmaceutical  research,  have  produced  many  agents  that  have  proved  to 
be  of  inestimable  value  in  treating  disease. 

!  Modern  drug  therapy  has  decreased  the  duration  of  illness  and  lowered 
j  the  mortality  rate  in  many  infections.  For  example,  pneumonia,  typhoid 
I  fever,  tuberculosis,  and  subacute  bacterial  endocarditis  no  longer  present 
-  such  pictures  of  desperation  as  they  did  before  chemotherapy  and  anti¬ 
biotics  were  available.  For  many  other  disorders,  medications  are  used 
I  that  relieve  pain  and  shorten  disability.  Rheumatoid  arthritis,  epilepsy, 
j  and  hyperthyroidism,  to  mention  a  few  conditions,  are  illnesses  in  which 
I  drug  therapy  has  had  a  remarkable  influence. 

J  However,  these  beneficial  therapeutic  agents  are  not  entirely  harmless. 

In  some  cases,  indeed,  the  drugs  have  had  far  more  deleterious  effects 
:  than  the  diseases  against  which  they  were  used.  This  paper  will  deal 

I  with  the  toxic  action  of  some  of  the  more  commonly  employed  medica- 

I  ments  upon  the  hematopoietic  system,  a  subject  of  grave  concern  to 

j  physicians  and  pharmaceutical  firms. 

^  Before  describing  the  hematologic  disorders  produced  by  drugs,  it  is 
I  necessary  to  have  some  knowledge  of  the  constituents  of  the  blood  and 
:  the  conditions  that  result  when  these  structures  are  affected  adversely. 

The  formed  elements  of  the  blood  consist  of  the  red  blood  cells  con- 
I  taining  the  oxygen-carrying  hemoglobin,  of  the  white  blood  cells  made 

j  up  of  polymorphonuclear  cells,  lymphocytes,  monocytes,  eosinophiles 

j  and  basophiles,  and  of  the  platelets  that  are  important  in  the  clotting 

I  mechanism.  The  blood  also  contains  many  other  substances  concerned 

I  with  clotting,  such  as  prothrombin,  which  also  may  be  decreased  by  some 

drugs. 

The  formed  elements  of  the  blood  originate,  under  ordinary  conditions, 
in  the  bone  marrow,  with  the  exception  of  the  lymphocytes  and  mono¬ 
cytes.  In  the  normal  individual  there  is  an  equilibrium  established  be¬ 
tween  the  number  of  cells  destroyed  or  eliminated  and  those  produced  in 
the  bone  marrow,  so  that  the  values  in  the  peripheral  blood  stream  are 

*The  SecUon  of  Geology  and  Mineralogy  held  a  meeUng  on  December  5,  1955,  at  which 
«  paper  entitled  "Oligocene  Paleogeography  of  the  Northwest”  was  presented  by  John 
Clark.  No  abstract  of  this  paper  has  been  received. 

**This  p^er,  illustrated  with  lantern  slides,  was  presented  at  a  meeting  of  the  Section 
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kept  within  a  normal  range.  If,  however,  an  extraneous  agent  interferes 
with  the  formation,  maturation,  or  delivery  of  any  of  the  formed  elements 
by  injuring  the  bone  marrow,  or  this  substance  destroys  the  cells  in  the 
circulation,  then  changes  appear  in  the  blood-forming  organs  and  in  the 
blood,  leading  often  to  serious  disorders. 

Many  toxic  substances  depress  the  entire  bone  marrow.  While  this 
condition  is  generally  called  aplastic  anemia,  it  should  be  realized  that 
all  the  cells  are  depressed  and  that  a  more  accurate  term  is  pancytopenia, 
or  hypoplasia,  of  the  bone  marrow.  However,  for  a  better  understanding  of 
the  disorders  produced  by  drugs  it  is  desirable  to  review  briefly  the  ab¬ 
normality  that  occurs  when  each  of  the  constituents  of  the  blood  is  af-  I 
fected.  I 

When  the  red  blood  cells  and  hemoglobin  value  are  decreased  we  call  I 
the  condition  anemia.  There  are  various  causes  of  anemia.  Anemia  may  ] 
be  due  to  iron  deficiency  usually  caused  by  blood  loss;  depression  of  the 
bone  marrow;  destruction  of  the  cells  in  the  circulation,  called  hemolysis; 
or  abnormal  metabolism  of  hemoglobin.  This  last  condition  is  not  seen  i 

as  a  result  of  drug  therapy  and  is  found  in  such  disorders  as  chronic  j  j 
lead  poisoning  and  chronic  infections.  Anemia  due  to  therapeutic  agents  j 

usually  results  from  depression  of  the  bone  marrow  or  hemolysis.  I 

Decrease  in  white  blood  cells  is  called  leukopenia.  When  the  poly-  i 
morphonuclear  cells  are  depressed  below  a  normal  number  the  disorder  is 
called  neutropenia,  because  these  cells  contain  neutrophilic  granules.  ( 

In  most  cases  in  which  there  is  a  conspicuous  lowering  of  the  white  I 

blood  cells  due  to  the  toxic  action  of  a  drug  on  the  bone  marrow  or,  as  i 

some  think,  due  to  destruction  of  the  white  blood  cells  in  the  circulation,  < 

we  are  dealing  with  polymorphonuclear  deficiency  or  neutropenia,  usually  I 
called  agranulocytosis.  This  is  one  of  the  most  common  results  of  |  v 
toxicity  due  to  drugs. 

If  the  platelets  or  thrombocytes  are  destroyed  or  depressed  the  con¬ 
dition  is  known  as  thrombocytopenia.  The  platelets  are  formed  in  the 
bone  marrow  from  giant  cells  called  megakaryocytes,  and  toxic  agents 
may  either  depress  the  number  of  these  megakaryocytes  in  the  bone 
marrow  or  may  prevent  their  maturation  so  that  platelets  are  not  formed 
adequately.  Some  investigators  think  platelets  may  be  destroyed  in  the 
circulation  or  sequestered  and  removed  from  the  circulation  by  the  spleen. 

Although  the  reverse  of  depression,  i.e.,  excessive  production  of  the 
blood  elements,  is  not,  as  a  rule,  seen  in  toxic  actions  on  the  blood- 
forming  system,  it  is  of  interest  to  mention  these  states  because,  in 
some  cases,  the  late  result  of  the  disease  shows  such  a  disorder. 

Excessive  production  of  red  blood  cells  is  known  as  polycythemia. 
Increase  of  white  blood  cells  is  called  leukocytosis.  When  the  white 
blood  cells  are  produced  in  truly  great  numbers  and,  when  there  is  also 
a  marked  abnormality  in  the  production  or  development  of  these  leuko- 
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cytes,  the  disease  is  leukemia.  Leukemia  may  also  be  characterized  by 
a  marked  reduction  of  the  white  blood  cells  in  the  circulation,  although 
the  blood-forming  organs  may  be  crowded  and  the  tissues  may  be  in¬ 
filtrated  with  these  abnormal  cells.  This  occurs  frequently  in  acute 
leukemia.  Marked  increase  in  platelets  is  called  thrombocytosis. 

Drugs  may  also  convert  hemoglobin  to  methemoglobin  or  sulfhemoglobin. 
Such  a  change  produces  a  type  of  hemoglobin  that  can  no  longer  carry 
oxygen  and  thus  interferes  with  the  respiration  of  tissues. 

Certain  general  comments  may  be  pertinent  before  discussing  the 
various  blood  dyscrasias  produced  by  therapeutic  agents. 

There  is  no  known  way  of  determining  this  type  ot  toxicity  for  many 
drugs  through  animal  experimentation.  Therefore,  our  data  depend  upon 
clinical  observation.  Moreover,  it  is  usually  impossible  to  predict  which 
patient  will  react  unfavorably  to  medication.  In  some  cases  an  individual 
will  show  the  same  abnormality  every  time  he  receives  a  particular  drug 
and,  in  the  case  of  one  agent it  has  been  reported  that  no  untoward 
effects  were  obtained  until  a  definite  dose  was  reached  in  susceptible 
individuals.  A  still  stranger  phenomenon  is  the  observation  that  in  some 
instances  of  depression  of  the  blood-forming  organs  the  use  of  a  medica¬ 
tion  such  as  a  sulfonamide,  that  may  itself  be  a  depressor  of  the  bone 
marrow,  may  result  in  recovery.  ^ 

It  should  also  be  pointed  out  that  in  many  disorders  affecting  certain 
organs,  such  as  the  liver  and  kidneys,  marked  changes  occur  in  the 
blood  while  drugs  are  being  used  and  that  these  hematopoietic  abnor¬ 
malities  are  not  due  to  the  medications,  as  has  been  reported,  but  are 
secondary  to  the  basic  disease. 

The  harmful  effect  of  a  drug  may  be  explained  in  one  of  the  following 
ways: 

(1)  The  agent  may  be  toxic  to  the  blood  cells  or  blood-forming  organs 
in  all  individuals  if  a  sufficient  quantity  is  used.  Such  medications,  for 
example,  are  those  used  in  treating  leukemia;  and  irradiation  also  falls 
into  this  category. 

(2)  Some  agents  are  toxic  to  the  entire  bone  marrow  or  may  affect  some 
specific  element  or  cell  precursor  in  the  bone  marrow  in  certain  individu¬ 
als  who,  for  want  of  a  better  term,  are  susceptible  to  the  drug.  Many 
medicaments  that  produce  hypoplasia  of  the  bone  marrow  are  of  this  type. 

(3)  Certain  individuals  are  sensitive  to  some  medications  because  the 
drug  produces  an  immunological  reaction  resulting  in  antibody  formation. 

In  types  2  and  3  the  individuals  are  considered  to  be  idiosyncratic  to 
the  medicaments  in  question. 

Many  theories  have  been  suggested  to  explain  the  mechanisms  involved 
in  the  production  of  some  of  these  blood  dyscrasias.  Only  a  few  can  be 
mentioned  in  this  report. 

Plum  studied  the  marrow  in  many  cases  of  agranulocytosis  and  be¬ 
lieved  that  the  toxic  drugs  that  produced  arrest  of  maturation  of  the 
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myelocytic  cells  in  the  bone  marrow.  While  Osgood®  states  that  the 
initial  occurrence  in  hypoplasia  seems  to  be  the  prolongation  of  the 
intermitotic  interval  or  complete  cessation  of  cell  division  in  the  marrow, 
and  that  some  cases  of  hypoplasia  result  from  actual  destruction  of 
marrow  cells,  nevertheless  he  thinks  that  the  appearance  of  maturation 
arrest  is  really  the  result  of  a  regenerative  phase  in  which  primitive 
cells  previously  depleted  are  returning  to  normal  in  a  stepwise  fashion. 
Moeschlin  and  Wagner^^  believe  that  peripheral  destruction  of  increasing¬ 
ly  immature  elements  might  progress  to  a  point  where  the  picture  would  | 
be  that  of  “aplasia.”  | 

There  are  many  workers  who  hold  that  considerable  evidence  exists  for 
destruction  of  cells  in  the  circulation.  I 

Osgood®  explains  the  deleterious  effect  of  these  agents  as  follows;  | 
hypoplasias  are  due  to  the  fact  that  the  drug  or  metabolite  behaves  as  a  I 
hapten  and  combines  with  some  specific  protein  in  the  cell  to  form  a  new  | 
protein  that  is  antigenic;  the  patient  develops  immune  bodies  that  react 
with  the  specific  protein  to  kill  the  cell,  prevent  its  division,  or  deprive  I 
it  of  an  essential  enzyme  system  or  nutrient;  and  the  mechanism  probably  | 
accounts  for  nearly  all  drug  idiosyncrasies.  I 

Moeschlin,^  as  a  result  of  his  experiments,  is  certain  that  in  agranu-  | 
locytosis  the  phenomenon  is  due  to  destruction  of  the  neutrophiles  in  I 
the  circulation. 

Ackroyd’s  work^®  also  points  to  an  immunologic  explanation  in  the 
case  of  thrombocytopenia. 

Vaughan®  mentions  some  other  observations  that  may  have  some  bear-  | 
ing  on  toxicity.  Nitrogen  mustard  action  seems  to  be  a  direct  chemical  I 
union  between  the  drug  and  desoxyribose  nucleic  acid  interrupting  mitoses  I 
and  preventing  cell  proliferation.  He  quotes  Kracke^^  as  believing  that 
the  toxic  effect  of  drugs  is  due  to  the  attachment  of  N,  NH,  and  NHj 
groups  to  the  benzene  ring— the “benzamine  linkage.”  Vaughan  points  out 
also  that  some  authorities  think  toxicity  increases  with  the  number  of  N 
groups  in  the  molecule,  while  others  suggest  that  the  large  molecules  are 
less  toxic  than  the  smaller  ones.  However,  there  is  no  convincing  evi-  ' 
dence  that  any  of  these  theories  explain  all  blood  dyscrasias  due  to 
therapeutic  agents. 

As  mentioned  previously,  the  drugs  that  cause  hematologic  changes 
may  affect  the  entire  bone  marrow  or  may  select  a  single  blood  element 
or  a  combination  of  elements  for  their  toxic  action.  Realizing  this 
characteristic,  it  is  nevertheless  convenient  to  mention  some  of  the  | 
chief  offending  agents  as  illustrations  of  medications  that  often  produce  I 
hypoplasia  of  the  entire  bone  marrow.  This  entity,  called  aplastic  anemia 
because  often  the  outstanding  clinical  feature  is  the  anemia,  may  be 
caused  by  many  substances.  Some  of  these  are  gold  salts,  the  sulfon¬ 
amides,  quinacrine,  organic  arsenicals,  tridione,  and  chloramphenicol. 
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A  compound  that  may  produce  a  similar  condition,  although  not  itself  a 
medication,  is  paraphenylenedi amine,  a  constituent  of  some  hair  dyes 
(figure  1). 

Hypoplasia  of  the  bone  marrow,  or  what  is  commonly  called  aplastic 
anemia,  is  characterized  by  insidious  onset,  pallor,  weakness,  bleeding 
in  the  skin  (purpura),  or  bleeding  from  the  mucous  membranes  due  to 
platelet  reduction  and,  sometimes,  by  the  presence  of  fever.  The  anemia  is 
often  profound  and  may  be  macrocytic  in  type,  i.e.,  the  cells  are  of 
larger  volume  than  normal.  If  the  condition  lasts  long  enoi^h,  the  spleen 
may  enlarge  and  attempt  to  take  over  some  of  the  blood-forming  functions 
of  the  bone  marrow.  This  condition  is  known  as  agnogenic  metaplasia  or 
extramedullary  hematopoieses.  The  bone  marrow  appears  hypoplastic, 
but  occasionally  may  be  normal  in  appearance  although  its  function  is 
subnormal. 

As  a  rule,  the  only  therapy  that  helps  these  patients  is  transfusions 
to  combat  the  anoxia.  Occasionally  steroids  may  be  of  some  help  and 
there  have  been  reports  of  partial  success  with  splenectomy  when  the 
spleen  is  enlarged.  In  rare  cases  a  patient  may  recover  spontaneously, 
but  usually  in  advanced  cases  the  outlook  is  hopeless. 

Finally,  it  should  be  noted  that  some  medications  that  are  used  to 
depress  the  bone  marrow  in  leukemia  may  produce  hypoplasia.  Such  drugs 
are  urethane,  antifols  such  as  A-Methopterin,  6-mercaptopurine,  triethy- 
lenemelamine,  nitrogen  mustard,  and  Myleran  (figure  2). 

Anemia  due  to  hemolysis  may  occur  with  some  of  the  drugs  that  are 
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FIGURE  2 

effective  in  malaria,  such  as  primaquine,  plasmoquine  and,  in  some 
cases,  quinine  (figure  3).  Sulfonamides  may  also  cause  destruction  of 
red  blood  cells.  In  large  doses,  primaquine  may  depress  the  bone  marrow 
and  may  also  produce  methemoglobinemia.  At  one  time,  the  drug  phenyl- 
hydrazine  was  used  to  treat  polycythemia.  This  medication  lowered  the 


figure  3 
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red  blood  cell  count  by  causing  hemolysis.  Recently  Beutler  and  his 
co-workers  have  demonstrated  that  primaquine  produces  hemolytic 
anemia  in  those  individuals  who  have  a  glutathione  deficiency  in  the 
blood. 

One  of  the  most  dramatic  accidents  in  medicine  is  the  occurrence  of 
marked  depression  of  the  polymorphonuclear  cells  that  is  usually  ex¬ 
plosive  in  its  onset  and,  in  the  past,  has  resulted  in  a  high  mortality 
rate.  This  condition— agranulocytosis  or,  more  correctly,  neutropenia— is 
characterized  by  high  fever,  sore  throat,  necrosis  of  tissue,  and  marked 
prostration.  There  is  also  a  chronic  type  in  which  the  disability  is  not 
as  marked.  Many  drugs  have  been  incriminated  as  causative  agents,  but 
the  more  common  ones  are  aminopyrine,  sulfonamides,  thiouracil,  buta- 
zolidin,  and  chlorpromazone.  Some  cases  have  been  reported  secondary 
to  Pyribenzamine  and  chloramphenicol^  (figure  4).  As  mentioned  pre¬ 
viously,  it  has  been  generally  accepted  that  this  condition  is  caused  by 
maturation  arrest  of  the  polymorphonuclear  cells  in  the  bone  marrow.  “ 
However,  Moeschlin^^  thinks  neutropenia  is  due  to  destruction  of  the 
white  blood  cells  in  the  circulation  by  the  formation  of  a  drug-induced 
agglutinin.  With  the  use  of  antibiotics  and  steroids,  the  prognosis  of 
agranulocytosis  is  not  nearly  as  serious  as  it  was  before  the  advent  of 
these  therapeutic  agents. 

Depression  of  the  platelets,  or  thrombocytopenia,  has  been  reported 
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following  the  administration  of  several  drugs  including  Sedormid,  quini* 
dine,  propylthiouracil,  sulfonamides,  and  gold  salts  (figure  5).  This 
condition  may  be  very  serious,  because  a  decrease  of  platelets  may  re¬ 
sult  in  bleeding,  often  of  a  severe  nature.  Platelets  are  essential  for 
thromboplastin  production  and  to  accelerate  the  formation  of  thrombin 
from  prothrombin  and  of  fibrin  from  fibrinogen.  Platelets  are  also  neces¬ 
sary  for  proper  formation  of  a  firm  clot  by  retraction.  In  many  of  these 
bleeding  states  the  capillaries  are  friable  because  the  platelets,  in 
normal  quantity  and  quality,  produce  a  substance  that  permits  the  intact 
capillary  to  constrict  and  become  less  permeable  to  the  egress  of  blood. 
One  explanation  of  thrombocytopenia  due  to  drugs  has  been  advanced  by 
Ackroyd  and  has  been  mentioned  previously.  He  showed  that  a  sub¬ 
stance  such  as  Sedormid  produces  an  antigen  by  reacting  with  platelets 
from  a  sensitive  patient,  and  that  an  antibody  is  formed  that  results  in 
agglutination  and,  subsequently,  in  lysis  of  the  platelets.  Transfusions 
of  platelets  have  been  given  as  a  therapeutic  measure,  but  this  is  not 
practical  in  most  situations.  Also,  patients  become  sensitized  to  trans¬ 
fused  platelets.  Steroids  and  splenectomy  have  been  successfully  used 
in  many  cases  in  treating  thrombocytopenia. 

In  an  occasional  patient,  bleeding  may  occur  after  medication  without 
reduction  of  platelets.  Some  cases  of  sensitivity  to  aspirin  have  been 
reported  in  which  gastric  hemorrhage  has  occurred.*^  There  also  have 
been  references  to  the  action  of  salicylates  in  causing  reduction  in 
blood  prothrombin  content (figure  3).  Anticoagulant  therapy  with 
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drugs  such  as  Dicumarol  has  for  its  objective  the  lowering  of  blood 
I  prothrombin  but,  unless  the  degree  of  hypoprothrombinemia  is  watched 

I  very  carefully,  severe  and  occasionally  fatal  bleeding  may  occur. 

Certain  therapeutic  agents  may  change  some  of  the  hemoglobin  to 
methemoglobin,  a  compound  that  cannot  carry  oxygen.  Patients  having 

Ian  appreciable  methemoglobinemia  appear  bluish  or  cyanotic  and,  upon 
exertion,  may  be  in  distress  because  of  anoxia.  The  drugs  that  may  cause 
such  a  condition  are  acetanilid,  Phenacetin,  nitrites,  and  sulfonamides. 
Some  medications  produce  sulfhemoglobinemia,  which  results  in  a 
physiological  disability  similar  to  methemoglobinemia. 

!  One  of  the  most  important  therapeutic  procedures  at  our  disposal  is 
i  irradiation.  Radioactive  substances  are  invaluable  in  treating  certain 
I  disorders.  For  example,  P32  is  considered  ideal  for  polycythemia  and  is 
also  used  in  certain  leukemic  patients.  Direct  irradiation  is  essential  in 
the  treatment  of  neoplastic  diseases.  Such  therapy  may  produce  depression 
I  of  the  bone  marrow  or  hypoplasia  just  as  benzol  does.  Some  patients  may 
I  subsequently  develop  leukemia.  An  interesting  effect  of  one  of  the  hypo¬ 
tensive  agents,  apresoline,  is  the  production  of  a  lupus  erythematosus- 
like  picture  or  collagen  disease  syndrome  in  some  patients.  One  case 
has  been  reported  in  which  LE  cells  were  found.  “ 

The  physician  must  be  aware  of  certain  important  factors  in  consider¬ 
ing  the  problem  of  drug  toxicity  as  it  affects  the  hematopoietic  system. 
In  the  first  place  he  must  consider  the  entire  patient  rather  than  con- 

icentrate  on  the  apparent  cause  of  a  disability.  For  example,  a  woman  who 
was  taking  one  of  the  depressing  drugs,  chloramphenicol,  developed 
anemia.  Her  history  showed  that  she  menstruated  profusely  and  that  when 
this  condition  was  corrected  her  anemia  was  cured.  The  drug  had  no 
toxic  effect  in  this  case.  Another  patient  had  been  given  sulfonamides 
I  for  a  fever  of  unknown  origin.  He  showed  evidences  of  hemolytic  anemia 
I  and  the  drug  was  blamed.  However,  the  hemolysis  continued  after  the 

I  medication  was  stopped,  and  a  post-mortem  examination  showed  that  he 
had  had  Hodgkin’s  disease  and  that  this  had  probably  caused  the 
hemolytic  anemia.  Therefore,  a  thorough  history,  a  complete  physical 
examination,  and  adequate  laboratory  studies  are  essential  in  the  proper 
evaluation  of  the  abnormality  and  its  cause, 
i  Many  patients  forget  the  important  facts  connected  with  their  illness, 

I  and  the  physician  must  expect  such  natural  failings  and  suspect  possible 
I  toxic  agents.  For  example,  one  patient  stated  that  she  suffered  chilly 
I  sensations  and  fever  during  each  menstrual  period,  but  forgot  to  mention 
that  she  took  aminopyrine  for  her  menstrual  distress  and,  as  was  later 
learned,  it  was  the  aminopyrine  that  caused  her  recurrent  attacks  of 
agranulocytosis. 

It  must  also  be  remembered  that  there  is  no  certain  way  of  preventing 
an  attack  of  bone  marrow  depression  by  following  the  patients  blood 
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counts  at  frequent  Intervals,  although  this  is  obviously  of  some  value. 
The  blood  count  may  be  normal  and  the  attack  may  occur  later  that  very 
day.  This  is  true  of  the  so-called  idiosyncratic  drugs.  With  agents  that 
are  directly  toxic  to  almost  all  individuals,  the  blood  picture  often  shows 
a  more  gradual  decline. 

Finally,  some  patients  may  be  sensitive  to  drugs  that  are  harmless  to 
most  people,  and  this  must  be  remembered  especially  when  new  agents 
are  used. 

The  most  important  rules  in  drug  therapy  that  a  careful  physician  should 
follow  are:  to  administer  therapeutic  agents  when  actually  indicated, 
and  to  prescribe  the  least  toxic  remedy  possible  in  each  case.  There  is 
no  known  way  of  telling  by  animal  or  clinical  tests  whether  a  patient 
will  show  toxic  effects  when  given  a  medication.  The  actual  number  of 
accidents  due  to  most  drugs  is  very  small  when  one  considers  the  number 
of  people  receiving  medications  and  the  great  amount  used.  But  when  an 
accident  does  occur,  it  may  be  a  matter  of  life  and  death  to  the  patient. 
It  is  necessary  for  a  physician  to  be  alert  and  conservative— and  lucky. 
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ISOTOPIC  LABELING  OF  VIRUSES 

.RADIOACTIVE  ISOTOPES  FOR  THE  STUDY  OF  ANIMAL  VIRUSES* 
By  Harvey  Blank 

Squibb  Institute  tor  Medical  Research,  New  Brunswick,  N.  J.,  and 
University  of  Miami  Medical  School,  Miami,  Fla. 


In  1949,  within  several  months  of  each  other,  three  separate  groups 
reported  the  first  results  of  studies  of  animal  viruses  with  radioactive 
isotopes.  That  the  use  of  “tracers”  is  of  great  value  in  viral  research 
is  indicated  by  the  voluminous  literature  on  bacterial  viruses  in  which 
radioactive  isotopes  were  indispensable.  Nevertheless,  the  short  bibli¬ 
ography  of  this  article  is  believed  to  be  a  reasonably  complete  list  of  all 
of  the  articles  reporting  such  studies  with  animal  viruses.  Undoubtedly 
the  paucity  of  work  in  this  field  has  resulted  from  the  great  technical 
problems  that  arose  from  growing  viruses  in  such  complex  cellular  mix¬ 
tures  as  a  mouse  brain,  an  embryonated  egg,  or  even  a  chorioallantoic 
membrane.  The  current  development  of  tissue  culture  methods  that  pro¬ 
vides  sheets  of  one  cell  type,  or  suspensions  of  living  cells  in  a  liquid 
medium  in  which  the  number  of  accessible  host  cells  can  be  determined 
with  reasonable  accuracy,  will  make  it  possible  to  apply  radioactive 
isotopic  tracer  studies  to  animal  virus  research  almost  as  readily  and 
profitably  as  to  bacteriophages.  Furthermore,  it  will  provide  an  op¬ 
portunity  to  contrast  biochemical  information  gained  from  studies  of 
phage  with  the  processes  that  occur  in  the  more  widely  varied  animal 
viruses  that  range  in  size  from  much  smaller  to  much  larger  than  the 
phages. 

Table  1  is  an  attempt  to  provide  a  concise  review  of  the  observa¬ 
tions  made  with  animal  viruses  to  date.  Much  additional  useful  informa¬ 
tion  and,  of  course,  essential  technical  details  are  given  in  the  publica¬ 
tions. 

It  is  of  interest  that  Graham  and  McClelland  (1949),  in  the  earliest 
study  in  the  literature,  reported  the  successful  incorporation  of  a  radio¬ 
active  isotope  (P^^)  into  the  influenza  virus,  separation  of  the  virus  from 
radioactive  cellular  components,  evidence  that  the  isotope  was  incorpo¬ 
rated  by  an  active  process  and  not  by  simple  exchange,  and  an  indication 
that  the  was  in  the  nucleic  acid  and  lipid  fractions  of  the  virus.  Sub¬ 
sequent  workers  have  concentrated  on  influenza  because  of  the  clean 
separation  of  radioactive  virus  from  radioactive  cellular  components  that 
can  be  obtained  by  hemagglutination  and  elution  cycles  and  the  general 

'This  paper,  illustrated  with  lantern  slides,  was  the  first  of  three  papers  presented  in 
•  symposium  on  Isotopic  Labeling  on  Viruses  at  a  meeting  of  the  Section  on  December  12. 
1955. 
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facility  of  laboratory  methods  with  this  virus.  The  two  other  papers  of 
this  study  discuss  influenza  virus  in  greater  detail. 

The  dissipation  of  radioactive  isotope  in  embryonated  eggs,  or  even 
in  “de-embryonated  eggs”  that  contain  a  multiplicity  of  cell  types,  has 
limited  most  of  the  studies  to  as  administered  as  carrier  free  ortho 
phosphate.  Undoubtedly  other  isotopic  substrates  will  be  more  feasible 
with  cultures  of  single  cell  types.  The  obstacles  to  detailed,  and  es¬ 
pecially  biochemical,  investigation  of  the  virus  are  very  great  with  the 
egg  or  animal  as  the  primary  hosts.  As  a  result,  studies  of  viruses, 
other  than  influenza  and  feline  pneumonitis,  have  had  to  be  limited  to 
measuring  metabolic  changes  in  tissue  fractions  in  which  it  is  difficult 
to  determine  the  specific  contribution  of  the  virus.  A  substantial  begin¬ 
ning  has,  however,  been  made,  particularly  in  measuring  nucleic  acid 
and  phospholipid  metabolism. 

As  work  with  radioactive  isotopes  and  animal  viruses  increases,  it 
may  be  important  to  caution  against  allowing  the  clicking  of  a  scaler  to  / 

drown  out  the  clicking  of  cerebral  synapses.  The  very  precision  of  ^ 

measuring  radioactivity  serves  often  as  a  shocking  reminder  to  the 


Figure  l.  Autoradiogram  of  chorioallantoic  membrane  with  vaccinial  plaques 
from  egg  injected  with  P*’  pihosphate  into  the  yolk  sac.  The  blood  vessels  also 
show  a  concentration  of  radioactivity.  Nonspecific  plaques  induced  in  other  eggs 
by  trauma  alone  are  also  highly  radioactive,  x  5. 
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biologist  of  the  great  normal  variation  in  his  material.  Studies  of  in¬ 
dividual  eggs  or  animals  doubly  underline  the  necessity  of  adequate 
numbers  of  subjects  and  of  determining  the  reproducibility  of  the  results 
at  another  time.  The  selection  of  adequate  control  material  is  particular¬ 
ly  difficult  if  one  is  attempting  to  distinguish  changes  specific  for  the 
virus  from  those  that  result  from  nonspecific  associated  changes  such  as 
an  inflammatory  reaction,  death  of  tissue,  shifts  in  fluid  content,  or 
proliferation  of  cells.  Examples  of  these  difficulties  that  are  rarely  en¬ 
countered  by  the  phage  workers  are  described  in  the  references  appended. 
One  example  is  shown  in  figure  1.  The  opportunity  tissue  culture 
cells  provide  of  obviating  many  of  these  problems  and  of  furnishing  start¬ 
ing  materials  that  may  then  be  put  back  into  animals  undoubtedly  will  en¬ 
courage  the  use  of  radioisotopes  in  research  on  animal  viruses. 
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j  n.  THE  LABELING  OF  INFLUENZA  VIRUS  WITH 

RADIOACTIVE  PHOSPHORUS* 

f 

?  By  Oscar  C.  Liu 

Department  of  Virology,  Sharp  &  Dohme,  Division  of  Merck  &  Co.,  fnc., 

Utest  Point,  Pa.;  and  Children's  Hospital  of  Philadelphia, 

\  University  of  Pennsylvania,  Philadelphia,  Pa. 

I  Introduction 

:  It  was  demonstrated  by  Graham  and  McClelland*  that  P^  could  be  in- 

I  corporated  into  influenza  virus.  Their  technique  was  adopted  with  some 
I  modifications  in  the  hope  that  labeled  virus  would  be  a  useful  tool  in 
1  the  study  of  viral  multiplication  and  especially  of  the  “eclipse  phenome- 
f  non.”  The  present  report  deals  with  various  methods  of  labeling  the 
^  virus,  evidence  that  P^^  is  incorporated  into  the  virus,  and  some  practi- 
:  cal  applications  of  the  technique. 

■  Materials  and  Methods 

^  Virus.  The  PR8  strain  of  influenza  A  virus,  having  undergone  30  to  40 
•  egg  passages,  was  employed  throughout  the  experiments.  The  methods 
I  used  for  virus  assays,  i.e.,  infectivity  and  hemagglutination  titrations, 

I  have  been  described  previously.*’^ 

?  Preparation  of  labeled  virus.  P**  supplied  in  the  form  of  a  weak  HCl 
3  solution  and  diluted  to  the  desired  concentration  with  distilled  water 
was  injected  intra-allantoically  into  8-  to  10-day-old  chick  embryos 
which  were  infected  with  virus  by  the  same  route  at  various  times  there- 

I 

I  after.  The  allantoic  fluids  were  collected  after  incubation  at  37°  C.  for 
I  48  hours,  chilled  in  an  ice  bath,  and  mixed  with  one  tenth  volume  of  10 
per  cent  chicken  red  blood  cells.  After  intermittent  agitation  tor  one 
I  hour,  the  mixtures  were  centrifuged  and  the  supernates  discarded.  The 
r  sedimented  cells  were  washed  four  times  in  250  ml.  of  chilled  saline  and 

I 

j-  suspended  in  one  half  the  original  volume  of  saline  containing  10  units 
I  of  RDE**  ml.  After  incubation  at  37°  C.  for  90  minutes,  the  cells  were 
^  removed  by  centrifugation  and  the  supernates  dialyzed  against  several 
;  liters  of  saline  overnight  at  4°  C.  The  dialyzed  material  was  subjected 
to  the  same  treatment  as  described  above,  except  that  the  washed  cells 
I  were  suspended  in  one  eighth  the  original  volume.  After  another  over- 
1  night  dialysis,  the  final  preparation  of  the  labeled  influenza  virus  was 
ready  for  assay. 

I  Determination  of  radioactivity.  Duplicate  planchets  were  prepared  by 
evaprxating  0.2  ml.  of  the  preparation.  Counts  were  made  with  a  mica 
end  window  Geiger-Miiller  tube  and  an  El-Tronics  decimal  scaler.  For 

*Thls  paper,  illustrated  with  lantern  slides,  was  the  second  of  three  papers  presented 
i  in  a  symposium  on  Isotopic  Labeling;  of  Viruses  at  a  meeting  of  the  Section  on  December  12, 
f  1955. 

•♦RDE  =  Receptor  Destroying  Enzyme  of  Vibrio  cholerae. 
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measuring  large  samples  (10  to  20  ml.),  such  as  those  employed  in  the 
chemical  studies,  the  preparations  were  evaporated  in  stainless  steel 
cupped  planchets.  The  results  are  expressed  as  counts  per  minute  (CPM) 
corrected  for  one  ml.  volume  or  for  one  egg.  As  calibrated  with  a  standard 
reference,  Tracerlab  No.  129,  1000  CPM  were  equivalent  to  2.9  x  10‘®  fjx:.  I 

Chemical  fractionation  of  labeled  virus.  The  Schmidt-Thannhauset  | 
method  for  fractionaticm  of  phosphorus  components  as  modified  by  ] 
Graham^  was  adopted  for  this  study  with  a  few  minor  changes.  | 

Experimental  | 

Labeled  influenza  virus  prepared  by  the  technique  described  showed  a  I 
high  order  of  radioactivity.  The  degree  of  incorporation  of  was  af-  I 
fected  by  the  following  conditions:  | 

(1)  Uptake  of  by  the  virus  is  directly  proportional  to  the  amount  of  | 
isotope  injected  over  the  range  studied,  i.e.,  from  25  to  1000  /ic/egg.  f 

(2)  The  younger  the  chick  embryo  used,  the  greater  the  uptake  by  i* 

the  viral  progeny.  Tagged  virus  obtained  from  8-day-old  embryos  con-  I 
tained  approximately  six  times  more  radioactivity  than  that  derived  from  | 
12-day-old  eggs.  j 

(3)  Prolongation  of  the  time  interval  between  injection  of  P“  and  in-  | 

faction  of  the  eggs  increased  the  amount  of  isotope  uptake.  Virus  derived  j 
from  eggs  that  were  infected  after  an  interval  of  72  hours  contained  twice  | 
as  much  radioactivity  as  that  obtained  after  simultaneous  injection  of  ] 
P^  and  virus.  | 

(4)  Injection  of  P^  into  the  allantoic  cavity  yielded  slightly  higher  J 

incorporation  than  was  found  following  yolk-sac  injection.  I 

(5)  Considerably  greater  incorporation  of  P^  was  achieved  by  the  use  1 

of  the  de-embryonated  egg  technique;®  i.e.,  using  the  same  amount  of  | 
isotope,  the  virus  obtained  contained  10  to  50  times  the  radioactivity  as  ^ 
did  virus  prepared  from  intact  chick  embryos.  | 

Evidence  that  the  P®^  formed  an  integral  part  of  the  labeled  virus  is  | 
based  upon  the  following  observations:  | 

(1)  The  radioactivity  and  hemagglutinin  disappeared  concomitantly  in  | 
the  supernates  after  one  hour’s  adsorption  with  chicken  RBC  in  the  ice  | 
bath.  Both  were  found  in  the  fluids  at  the  end  of  an  elution  period  of 
three  hours  at  37®  C. 

(2)  Adsorption  of  both  radioactivity  and  hemagglutinin  onto  red  cells 

at  0®  C.  could  be  prevented  by  specific  anti-PR8  rabbit  serum.  J 

(3)  Upon  high-speed  centrifugation,  the  radioactivity  and  hemagglutinin  ! 

were  sedimented  at  similar  rates.  | 

(4)  Treatment  with  intense  sonic  vibration  for  one  hour  released  no  | 

detectable  free  P®*  from  the  final  virus  preparation.  | 

(5)  Incubation  of  the  labeled  virus  with  various  enzymes,  i.e.,  intes-  | 
tinal  phosphatase,  0.15  mg./ml.;  crystalline  ribonuclease,  0.15  mg./ml.;  i 
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idesoxyribonuclease,  0.15  mg./ml.;  and  crystalline  trypsin,  0.15  mg. /ml., 
at  37*^  C.  for  18  hours  failed  to  yield  an  appreciable  amount  of  dialyza- 
able  radioactivity. 

1(6)  Upon  fractionation  of  concentrated  labeled  virus,  the  alochol- 
soluble,  acid-soluble,  hot  TCA -soluble  fractions  and  the  residue  showed 
74,  5,  17,  and  4  per  cent  of  the  total  radioactivity  respectively.  When  a 
diluted  preparation  mixed  with  normal  chorioallantoic  membrane  suspen¬ 
sion  as  a  carrier  was  fractioned,  the  distributions  fell  into  a  similar 
I  pattern. 

I  Following  the  development  of  satisfactory  techniques,  certain  studies 
in  vitro  and  in  ovo  with  tagged  virus  were  carried  out. 

I  An  experiment  concerning  the  adsorption  onto,  and  elution  from,  chicken 
I  RBC  of  ultraviolet-irradiated  virus  was  conducted  in  the  following 
j  fashion:  aliquots  of  radioactive  virus  were  irradiated  with  a  General 
i  Electric  germicidal  lamp  at  a  distance  ot  two  incnes  tor  0,  4,  7,  10,  15, 
I  and  30  minutes  respectively.  These  samples  were  then  subjected  to  one 
I  cycle  of  adsorption  and  elution  from  chicken  RBC.  The  radioactivity  of 
I  the  supemates  was  determined.  The  results  are  given  in  figure  1, 

(which  demonstrates  the  dissociation  of  the  adsorptive  and  eluting  ca¬ 
pacities  of  influenza  virus.  As  can  be  seen,  30  per  cent  of  the  30-minute 
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Figure  1.  Effect  of  ultraviolet  irradiation  on  the  P**-labeled  PR8  virus  (per 
cent  of  radioactivity  in  the  supemates  after  adsorption  onto  chicken  RBC  at 
^  C.  and  elution  from  these  cells  at  37°  C.). 
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samples  (which  no  longer  caused  hemagglutination)  was  adsorbed  onto  the 
cells  at  0°  C.,  but  none  was  eluted  following  incubation  at  37°  C.  for 
three  hours. 

An  attempt  was  made  to  trace  P“-tagged  virus  in  the  chick  embryo. 
Two  tenths  of  an  ml.  of  labeled  seed  virus,  containing  approximately  10^'® 
IDjjj,  prepared  by  the  de-embryonated  egg  technique,  was  injected  into 
the  allantoic  cavities  of  twenty  14-day-old  eggs.  At  the  end  of  one  and 
three  hours’  incubation  at  37°  C.,  the  allantoic  fluids  and  the  chorio¬ 
allantoic  membranes  were  collected  from  10  eggs  each.  The  hemag¬ 
glutinin,  IDjg,  and  radioactivity  assays  of  these  samples,  obtained 
in  two  similar  experiments,  are  summarized  in  table  1.  The  figures 
shown  represent  values  per  egg.  The  infectivity  recovered  in  the  fluids 
varied  from  16  to  115  per  cent  of  the  inoculum.  No  detectable  hemag¬ 
glutinin  levels  were  found  either  in  the  fluids  or  in  the  membrane 
suspensions.  This  might  be  explained  on  the  basis  of  the  presence  of 
nonspecific  inhibitors.  Nevertheless,  the  radioactivity  was  almost  com¬ 
pletely  recovered  with  a  distribution  of  90  to  100  per  cent  in  the  fluids 
and  2.6  to  7.3  per  cent  in  the  membrane.  No  radioactivity  was  detected 
in  the  embryo,  yolk  sac,  or  albumin.  Two  facts  emerge  from  these  experi¬ 
ments:  (1)  an  unexpectedly  small  amount  of  seed  virus  was  adsorbed  onto 
the  entodermal  cells  of  the  chorioallantoic  membrane;  and  (2)  more  virus 
was  found  in  the  membranes  as  the  period  of  incubation  was  prolonged. 
This  result  is  apparently  at  variance  with  data  reported  previously, j 
which  irxiicated  that  between  50  to  90  per  cent  of  the  seed  virus  dis¬ 
appeared  from  the  allantoic  fluids.  This  discrepancy  may  be  attributed 
in  part  to  the  technical  lirrutations  of  the  tests  formerly  used.  However, 
it  remains  to  be  seen  whether  the  small  fraction  of  virus  adsorbed  ac¬ 
cording  to  the  radioactivity  data  represents  the  true  picture. 

Table  1 

Adsorption  of  the  f>*’-labeled  PR8  virus  Seed  by  Chorio-  ] 

ALLANTOIC  MEMBRANES  IN  WHOLE  CHICK  EMBRYOS.  TiTERS  ARE 

Expressed  as  Reciprocal  of  Log  10. 

F  =  Allantoic  fluids.  M  =  Chorioallantoic  membrane. 
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The  virus  preparations  collected  one  to  six  hours  following  injection 
of  tagged  virus  were  subjected  to  chemical  fractionation.  The  average 
results  of  two  experiments  are  presented  in  table  2.  The  relative 
distribution  of  radioactivity  of  the  nonadsorbed  seed  virus  showed  no 
apparent  differences  dining  the  six-hour-period  of  study.  However,  in 
the  membranes,  a  substantial  decrease  in  the  radioactivity  of  the  alcohol- 
soluble  fractions  and  an  increase  in  that  of  the  acid-soluble  fractions 
was  noted  with  prolongation  of  the  incubation  period. 


Table  2 

Chemical  Fractionation  of  the  Recovered  Radioactive  PR8 
Virus  in  Allantoic  Fluids  and  Chorioallantoic  membranes 
After  Different  Intervals  of  Incubation  at  37®  c. 


l' 

% 

Alcohol 

soluble 

Vo- 

Acid 

soluble 

%. 

Hot  TCA 
soluble 

%. 

Residue 

I!  Seed 

59.1 

19.0 

16.9 

5.0 

4 

t  Fluid 
f  (Hours) 

I  1 

55.5 

18.1 

19.8 

6.7 

55.5 

20.7 

17.2 

6.8 

l|  6 

52.4 

21.5 

19.4 

6.8 

■  Membrane 
i  (Hours) 

^  1 

49.0 

30.4 

16.6 

6.4 

1  3 

38.3 

37.6 

17.8 

3.0 

;  ^ _ 

33.9 

43.8 

19.5 

5.0 

Conclusion  and  Summary 

Teci.niques  for  the  preparation  of  P^^-labeled  influenza  virus  have 
been  developed,  and  various  factors  influencing  uptake  of  the  isotopes 
have  been  described.  Virus  prepared  in  de-embryonated  eggs  attains  the 
highest  degree  of  radioactivity.  All  the  evidence  presented  indicates 
that  the  isotope  forms  an  integral  part  of  the  virus. 

With  the  aid  of  labeled  virus,  a  number  of  problems  were  studied  both 
in  vitro  and  in  ovo.  Following  exposure  of  radioactive  virus  to  ultra¬ 
violet  radiant  energy,  a  dissociation  of  adsorbability  and  elutability  of 
seed  virus  could  be  shown.  In  ovo  studies  revealed  that  only  3  to  7  per 
cent  of  the  seed  virus  was  firmly  bound  to  the  allantoic  membranes,  and 
a  definite  shift  of  radioactivity  from  the  alcohol-soluble  to  the  acid- 
soluble  fractions  took  place  in  the  tissues. 
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ni.  THE  USE  OF  PHOSPHORUS-32  IN  THE  STUDY  OF 
INCOMPLETE  FORMS  OF  INFLUENZA  VIRUS* 

By  Werner  Henle 

Department  of  Virology,  University  of  Pennsylvania;  anfl 
The  Children’s  Hospital  of  Philadelphia,  Philadelphia,  Pa. 

It  is  now  well  established  that,  under  certain  conditions  of  infection 
of  chick  embryos  with  influenza  virus  by  the  allantoic  route,  the  yields 
may  contain  considerable  quantities  of  noninfectious  hemagglutinins 
(NIHA)  aside  from  infectious  virus  particles.  The  composition  of  the 
progeny  is  reflected  in  the  ratio  between  the  infectious  and  hemagglutinin 
units  or  the  IDj^/HA  ratio.  Fully  infectious,  or  standard  virus,  reveals 
an  IDso/HA  ratio  somewhat  greater  than  10^,  the  exact  value  depending 
upon  the  hemagglutination  technique  employed.  Progenies  with  lower 
IDsq/HA  ratios  are  obtained  in  the  chick  embryo  as  follows:  (1)  to  some 
extent,  on  overwhelming  infection  with  standard  virus,  when  each  host 
cell  becomes  multiply  infected*'^;  (2)  to  a  significantly  greater  extent, 
upon  serial  passage  of  undiluted,  infected  allantoic  fluid  ;  and  (3)  by  in¬ 
jection  of  standard  virus  which  had  been  partially  inactivated  by  incuba¬ 
tion  in  vitro  at  37°  C.  for  several  days.^’*  In  addition,  under  all  condi¬ 
tions  of  infection,  the  allantoic  membranes  reveal  lower  IDsq/HA  ratios 
than  the  virus  material  liberated  from  them. 

I  Noninfectious  hemagglutinins  are  obtained  also  in  other  host  systems 
I  when  large  doses  of  virus  are  employed;  i.e.,  on  intracerebral  injection 
I  of  mice  with  nonneurotmpic  strains  of  influenza  virus  ;  on  intranasal 
}  injection  of  mice  with  certain  nonadapted  strains  ;  and  on  infection  of 
HeLa  cells  with  egg-adapted  virus.*®  In  these  instances,  the  development 
of  hemagglutinins  and  complement-fixing  antigens  was  readily  detected, 
but  little  or  no  infectious  virus  was  produced. 

It  has  not  been  determined  whether  the  various  forms  of  NIHA  obtained 
under  the  cited  conditions  are  essentially  similar,  nor  has  their  nature 
,  and  role  in  the  infectious  process  been  established.  It  has  been  sug¬ 
gested  that  they  represent  (1)  seed  virus  hemagglutinins  in  some  form, 
(2)  complete  progeny  which  had  been  rapidly  inactivated  after  production 
during  incubation  in  ovo  at  37°  C.,  (3)  products  of  an  abnormal  procesis  of 
infection,  and  (4)  intermediary  stages  in  virus  reproduction. 

There  is  no  doubt  that  the  NIHA  is  actually  produced  under  these  con- 
i  ditions.  The  quantities  obtained  often  exceed  by  a  factor  of  100  or  greater 
the  amount  of  seed  hemagglutinin  injected,  and  there  is  no  evidence  of 

f  *Thi8  paper,  illustrated  with  lantern  slides,  was  the  third  of  three  papers  in  a  sympo* 
<iisn  on  Isotopic  Labeling  of  Viruses  presented  at  a  meeting  of  the  Section  on  December 
^  12,  1955. 

i  The  woric  described  in  this  psf>er  was  supported  by  a  grant*in»aid  from  The  National 

t  Institutes  of  Health,  United  States  Public  Health  Service,  Bethesda,  Md« 

V  The  experiments  were  carried  out  in  collaboration  with  Doctors  Kurt  Paucker  and 
t  Florence  S.  Lief  and  will  be  described  in  detail  elsewhere. 
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a  breakdown  of  the  inoculum  into  sufficiently  small  and  numerous  units 
to  account  for  increases  of  that  order.  Much  further  evidence  could  be 
cited,  but  perhaps  the  most  significant  concerns  the  incorporation  of  P 
into  NIHA.  It  has  been  shown  by  Graham  and  McClelland  and  by  Liu 
et  al}^  that  this  isotope  is  incorporated  into  standard  virus  only  during 
its  multiplication  in  the  allantoic  membrane,  but  it  is  not  adsorbed  onto 
the  virus  in  vitro.  If  HeLa  cells  are  cultivated  in  the  presence  of  P“ 
and  then  infected  with  influenza  virus,  the  hemagglutinins  obtained  in  24 
hours  and  processed  according  to  the  technique  described revealed 
CPM/HA  ratios  of  1.2  to  5.0.“  Corresponding  preparations  derived  from 
uninfected  radioactive  cultures  were  free  of  radioactivity.  Hemagglutinins 
derived  from  nonradioactive  cells  failed  to  combine  in  vitro  with  free  P^ 
or  labeled  HeLa  cell  constituents  on  incubation  for  2  to  24  hours  prior  to 
the  usual  purification  procedure.  Essentially  similar  experiments  were 
carried  out  recently  by  Doctors  Paucker  and  Lief  in  chick  embryos  em¬ 
ploying  undiluted  passage  or  heated  standard  seeds  (1  to  5  days  at 
37°  C.).  In  all  experiments,  between  120  and  130  /rc.  of  P32  were  injected 
allantoically  72  hours  prior  to  infection  by  the  same  route.  The  purified 
virus  material  revealed  CPM/HA  ratios  of  0.3  to  0.8.  The  differences 
observed  showed  no  correlation  to  the  ID50/HA  ratios  of  the  starting 
materials,  which  ranged  from  lO*"^  to  10^,  and  are  considered  insignifi¬ 
cant.  Thus,  in  spite  of  considerable  variations  in  the  ID50/HA  ratios  of 
the  progenies,  the  uptake  of  P^^  was,  throughout,  of  a  similar  order;  i.e., 
the  NIHA  incorporated  the  P^^  to  the  same  extent  as  fully  infectious 
virus. 

The  suggestion  that  the  NIHA  obtained  under  the  various  conditions 
represents  progeny  inactivated  subsequent  to  its  completion  during  the 
remainder  of  the  in  ovo  incubation  is  less  readily  discounted.  However, 
such  an  assumption  would  require  an  inactivation  rate  of  extracellular  or 
intracellular  virus  far  in  excess  of  that  actually  measured  in  in  vitro  ex¬ 
periments.  The  infectivity  of  the  PR8  strain  employed  in  this  laboratory 
is  reduced  at  the  rate  of  about  1  logjg  unit  per  day  at  37°  C.  According  to 
differential  two-hourly  yields  obtained  in  de-embryonated  eggs  upon  in¬ 
fection  with  certain  undiluted  passage  or  heated  standard  seeds,  the 
inactivation  would  have  to  proceed  at  rates  of  greater  than  3  log]o  units 
per  two  hours  if  all  the  liberated  virus  material  had  been  previously 
infectious.  ^  ^ 

In  addition,  the  NIHA  obtained  under  a  variety  of  conditions  differs  in 
some  physical,  chemical,  and  biological  aspects  from  standard  virus,  be 
it  native  or  heated,  as  follows: 

(1)  A  decrease  in  the  sedimentation  constants  of  the  dominant  com¬ 
ponents  of  successive  undiluted  passages  of  infected  allantoic  fluid  has 
been  reported  by  Card  et  a/.  “  and  by  Hanig  and  Bernkopf.*^  Heated 
standard  virus  behaved  like  the  native  preparations. 
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(2)  Structural  differences  have  been  noted  by  Werner  and  Schlesinger  ** 
in  electronmicrographs  of  standard  virus  and  in  NIHA  components  derived 
from  chick  embryos  and  from  the  central  nervous  system  of  mice. 

(3)  Ada  and  Perry  **  observed  a  decrease  in  the  ribonucleic  acid  con¬ 
tent  of  virus  material  derived  from  successive  undiluted  passages. 

(4)  Uhler  and  Gard*^  presented  suggestive  evidence  of  an  increased 
lipid  content  when  standard  virus  was  compared  with  third  undiluted 
passage  material. 

(5)  Finter  et  at.^^  showed  that  the  composition  of  the  progenies  de¬ 
rived  from  successive  undiluted  passage  seeds  was  not  entirely  deter¬ 
mined  by  the  total  number  of  virus  particles  injected,  and  that  the  NIHA 
in  the  seeds  of  early  passages  had  properties  different  from  those  of 
later  transfers. 

(6)  Paucker^  demonstrated  that  undiluted  passage  and  heated  standard 
seeds  of  equal  infectivity  and  hemagglutinin  titers  failed  to  produce 

’  similar  progenies,  in  that  those  derived  from  the  former  revealed  IDsq  /HA 
ratios  lower  by  as  much  as  2  log|o  units. 

Thus,  there  is  considerable  evidence  that  the  bulk  of  NIHA  obtained 
under  the  various  conditions  differs  from  heat-inactivated  standard  virus 
and,  therefore,  represents  different  entities  that  may  be  referred  to  as 
“incomplete”  virus.  Furthermore,  the  studies  cited  indicate  that  there 
exist  various  stages  of  incompleteness.  This  conclusion  is  further  sup¬ 
ported  by  experiments  conducted  by  Lief,'®  who  subjected  elementary 
bodies  of  various  derivations  to  treatment  by  ether  using  a  modification 
of  the  method  described  by  Hoyle.  “ 

According  to  Hoyle,  exposure  of  standard  virus  to  one  half  volume 
ether  at  37°  C.  disrupts  the  elementary  bodies,  which  results  in  the  re¬ 
lease  of  smaller  hemagglutinating  components  and  of  soluble  complement¬ 
fixing  antigen  (S).  After  standardization  of  the  technique,  some  of  the 
findings  could  be  readily  confirmed.  S  antigen  was  released  from  standard 
virus  particles  that,  prior  to  ether  treatment,  failed  to  react  with  an 
anti-S  serum,  and  the  amount  released  was  found  to  be  reproducible 
within  a  narrow  range;  i.e.,  about  32  hemagglutinating  units  (chicken  red 
cells)  yielded  one  S  antigen  unit.  On  the  other  hand,  the  hemagglutination 
data  obtained  on  ether  treatment  were  somewhat  at  variance.  Although 
the  HA  titers  obtained  with  guinea  pig  red  cells  increased  often  fourfold 
to  eightfold  during  exposure  to  ether,  the  titers  recorded  with  chicken  red 
cells  usually  decreased  several  fold.  These  results  may  be  interpreted  in 
terms  of  reorientation  of  surface  groupings  leading  to  greater  avidity  for 
guinea  pig  and  lesser  avidity  for  chicken  cells.  The  virus  or  V  comple¬ 
ment-fixation  antigen  associated  with  the  elementary  bodies  was  not  af¬ 
fected  by  ether  treatment  and,  as  a  rule,  was  recovered  completely  in 
the  HA  fraction.  When  this  technique  was  applied  to  preparations  of  virus 
particles  derived  from  allantoic  fluid  or  membranes  after  inoculation  of 
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undiluted  passage  or  heated  standard  seeds,  or  from  HeLa  cells  after 
infection  with  standard  virus,  the  amount  of  S  released  by  ether  decreased 
with  an  increase  in  the  proportion  of  incomplete  virus.  Whereas  about 
32  HA  units  of  standard  virus  derived  from  allantoic  fluid  were  required 
to  yield  one  S  unit,  with  elementary  bodies  obtained  from  membranes  of 
the  third  or  fourth  undiluted  passage,  1024  or  1280  HA  units,  respective¬ 
ly,  failed  to  yield  detectable  S.  Since  S  antigen  is  produced  in  the 
tissues  in  appreciable  amounts  under  these  various  conditions  of  in¬ 
fection,  it  appears  that,  with  increasing  incompleteness  of  the  virus, 
less  S  is  incorporated  into,  or  retained  within,  the  virus  particle. 

Efforts  to  determine  whether  the  changes  in  incorporation  of  S  are  re¬ 
flected  in  differences  in  distribution  of  in  the  virus  particles  met 
only  with  partial  success.  Various  labeled  virus  preparations  were 
fractionated  according  to  the  modified  Schmidt  and  Thannhauser  method 
previously  described.  In  standard  virus,  about  10, 50, 30,  and  1  to  4  per 
cent  of  the  isotope  were  found  in  the  acid-soluble,  alcohol-soluble,  hot 
TCA-solubJe,  and  residue  fractions.  The  recovery  amounted  to  80  to  99 
per  cent  in  various  experiments.  With  increasing  incompleteness  of  the 
labeled  virus  (first  to  fourth  undiluted  passage),  the  percentage  of  the 
isotope  in  the  hot  TCA  fraction  was  reduced  to  one  third  and  to  one 
fourth  in  different  experiments  and,  in  the  NIHA  component  derived  from 
HeLa  cells,  a  relative  increase  was  also  noted  in  the  alcohol- soluble 
fraction. 

On  treatment  of  the  labeled  standard  and  incomplete  virus  preparations 
with  ether,  and  with  the  separation  of  the  hemagglutinin  and  S  com¬ 
ponents,  considerable  losses  in  radioactivity  were  noted  on  account  of 
various  technical  difficulties.  In  most  of  the  experiments  the  S  compo¬ 
nent  revealed  three  or  more  times  greater  radioactivity  than  the  hemag¬ 
glutinins.  Similar  observations  were  made  by  Hoyle  et  al.^^  with  standard 
virus.  Chemical  fractionation  of  these  materials  by  the  Schmidt  and 
Thannhauser  method  showed  that  in  the  HA  fraction  practically  all  of 
the  isotope  was  extractable  by  alcohol  and  no  significant  differences 
were  noted.  In  the  S  preparations,  the  acid-soluble  fractions  contained 
the  largest  proportion  of  which  increased  with  increasing  incom¬ 

pleteness  of  the  virus  material  whereas,  in  the  hot  TCA  fractions,  which 
also  showed  significant  radioactivity,  the  relative  concentration  of  P” 
decreased  as  much  as  fourfold  in  the  fourth  undiluted  passage  material. 

These  data  are  concerned  merely  with  the  relative  distribution  of 
and  thus  can  be  interpreted  only  with  reservations.  Efforts  to  determine 
specific  activities  and  identification  of  the  chemical  fractions  would 
require  quantities  of  labeled  virus  beyond  those  conveniently  and  safely 
produced  in  this  laboratory.  It  would  seem  to  be  apparent,  though,  that 
the  ether  treatment  did  not  remove  all  lipids,  which  remained  largely  in 
the  HA  fraction.  In  the  S  preparations,  the  isotope  was  distributed  be¬ 
tween  the  acid-soluble  and  hot  TCA  (or  nucleic  acid)  fractions,  with  a 


si 

if 

w 

vi 

ai 

ai 

fl 

ai 

T 

it 

is 

tl 

di 

w 

g' 

i( 

h 

SI 

a 

V 

ti 

w 

n 

ti 

s 

e 

c 

s 

s 

c 

i! 

n 

a 

ii 

a 

a 

fl 


P 

s 


A— 


fter 

sed 

out 

red 


of 

ve-  : 

the  I 

in-  i 


us, 


n- 


af  _ 

^  i 


THE  NEW  YORK  ACADEMY  OF  SCIENCES  259 

shift  from  the  latter  to  the  former  as  the  proportion  of  incomplete  virus 
increased. 

The  isotope  data  obviously  do  not  stand  on  their  own  feet.  Together 
with  other  data  from  various  laboratories,  however,  they  offer  possibly  a 
glimpse  into  the  structure  of  complete  and  incomplete  viruses.  Incomplete 
virus  contains  less  RNA^^  and  possibly  more  lipid^^  than  standard  virus, 
and  thus  it  may  be  expected  to  show  lower  sedimentation  rates,  as  has 
actually  been  observed.  It  has  been  suggested  in  the  case  of  in¬ 
fluenza,^  and  more  definitely  shown  with  fowl  plaque  virus,  ^  that  the  S 
antigen,  which  forms  part  of  the  elementary  bodies,  is  a  ribonucleoprotein. 
The  amount  of  S  antigen  found  in  virus  particles  decreases  with  increas¬ 
ing  incompleteness,^®  in  agreement  with  the  RNA  data.^®  Also,  the 
isotope  data  indicate  that,  on  a  percentage  basis,  less  is  found  in 
the  hot  TCA  or  nucleic  acid  fraction  as  the  IDjq/HA  ratio  of  the  viruses 
decreases.  Incompleteness  may  be  related,  therefore,  to  a  lack  of  RNA 
which,  possibly,  is  synonymous  with  the  lack  in  S  antigen.  As  was  sug¬ 
gested  previously  by  Hoyle,^  S  antigen  may  play  a  vastly  more  important 
role  in  virus  reproduction  than  was  heretofore  assumed.  This  point, 
however,  will  require  better  support  than  is  presently  available.  As  it 
stands,  under  conditions  of  incomplete  virus  formation,  the  S  antigen, 
although  produced  in  the  tissues*®  is  either  not  incorporated  into  the 
virus  or,  since  the  particles  may  be  structurally  deficient,  it  is  not  re¬ 
tained  within  them.  Electronmicrographs  reveal  a  possible  structural 
weakness  of  incomplete  virus  particles  in  that  they  appear  flattened  and 
represent,  possibly,  empty  bags,*®  in  contrast  to  the  spherical  configura¬ 
tion  of  infectious  virus.  Hoyle  has  proposed  that  the  virus  consists  of 
small  hemagglutinating  particles  in  addition  to  the  S  components  all 
enclosed  in  a  lipid  envelope.^  The  increased  HA  activity  for  guinea  pig 
cells  on  ether  treatment,  however,  as  shown  above,  does  not  necessarily 
support  the  suggestion  of  a  breakdown  of  virus  into  smaller  HA  units, 
since  agglutination  of  chicken  cells  may  decrease  at  the  same  time,  and 
changes  in  surface  structure  could  account  for  these  results.  However,  it 
is  possible  that  with  more  severe  ether  treatment  such  breakdown  may 
result.^ 

It  is  not  yet  possible  to  determine  whether  incomplete  virus  is  formed 
as  a  result  of  an  abnormal  infectious  process  or  whether  it  represents  an 
intermediary  stage  in  virus  reproduction.  The  latter  explanation  would 
appear  to  be  by  far  the  simplest.  If  this  is  the  case,  one  would  have  to 
assume  that  completion  of  the  virus  is  prevented  by  a  number  of  possible 
factors: 

(1)  On  “overloading”  of  the  host  cells  with  seed  virus  particles, 
particularly  when  the  proportion  of  inactive  or  incomplete  virus  is  high, 
some  of  the  viral  components  may  interfere  within  the  cell  with  the  order- 
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ly  development  of  virus,  possibly  by  blockading  essential  enzyme  sys-  j 
tems.^  I 

(2)  Certain  metabolites  may  be  in  short  supply  and  their  production  in 
the  host  under  conditions  of  overwhelming  infection  cannot  keep  up  with 
the  demand.  ^ 

(3)  The  presence  of  numerous  virus  particles  on  or  within  the  cell  may  | 

damage  it®*®  so  that  virus  can  no  longer  be  completed  and/or  is  pre-  | 
maturely  released.  I 

It  seems  that  final  acceptance  of  incomplete  forms  of  virus  as  inter-  | 
mediary  stages  in  virus  development  would  hinge  on  demonstration  of  I 
their  completion  by  experimental  manipulations.  In  the  absence  of  signifi-  I 
cant  clues  as  to  the  missing  or  detrimental  factors,  there  is  no  ready  way  | 
of  approaching  this  problem,  and  it  certainly  would  be  difficult  to  fill  I 
the  baglike  structures  seen  under  the  electronmicroscope  with  S  antigen.  | 
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OF  ACCIDENT  PHENOMENA* 

By  Herbert  H.  Jacobs,  Robert  J.  Schreiber,  and  Sebastian  B.  Littauer 

I.  OPERATIONAL  ASPECTS  OF  THE  ACCIDENT  PRONENESS 
CONCEPT** 

By  Herbert  H.  Jacobs 

Department  of  Industrial  Engineering,  Columbia  University,  New  York,  N.  Y.; 
and  Dunlap  and  Associates,  Inc.,  Stamford,  Conn. 

The  concept  of  accident  proneness  holds  that  individual  differences 
exist  in  accident  behavior  as  in  most  other  human  qualities  and,  further- 
more,  that  a  relatively  small  proportion  of  the  human  population  can  be  " 

held  to  account  for  most  of  the  accidents  that  occur.  This  concept,  7 

derived  from  the  repeated  observation  that  a  relatively  few  individuals  ^ 

in  any  sample  of  people  exposed  to  accident  risk  experienced  a  sub¬ 
stantial  proportion  of  the  total  accidents,  suggests  several  interesting 
possibilities  for  accident  reduction.  Perhaps  the  most  prominent  of  these 
is  the  screening  and  selecting  of  candidates  for  new  or  continued  em- 
ployment  in  risk  situations.  We  shall  refer  to  this  as  the  accident  selec-  ^ 

tion  problem.  The  term  selection  is  used  in  its  piost  general  sense  to 
indicate  screening,  rejecting,  replacing,  retraining,  rehabilitating,  or 
reassigning.  7 

The  problem  of  selection  is  actually  a  decision  problem  with  several  ; 

parts.  These  include  the  basic  decisicms  of  whether  or  not  to  institute  a 
selection  program  and  whether  to  undertake  research  for  the  purpose  of 
finding  personal  measures  that  can  serve  as  accident  predictors.  Second¬ 
ary  decision  problems  include  the  choice  of  some  measure  or  combination 
of  measures  as  a  selection  criterion  and  the  adoption  of  some  selection 
decision  rule  that  will  determine  v<di ether  individuals  will  be  classified 
in  the  “safe”  group  or  in  the  “risk”  group. 

All  of  these  are  decision  problems  that  require  for  their  solution  care¬ 
ful  comparison  of  the  values  to  be  gained  and  the  likelihood  of  achieving 
these  gains  against  the  costs  expected  for  each  alternative  decision. 

The  attachment  of  values  to  accidents  prevented  and  of  costs  to  selec¬ 
tion  programs  is  a  profound  problem  that  we  shall  not  attempt  to  treat  in 
this  paper.  We  can,  however,  speak  meaningfully  about  two  of  the  major 
ingredients  of  this  value-cost  framewOTk:  the  number  (or  percentage)  of 

*The  studies  which  form  the  basis  for  these  papers  were  sponsored  by  the  Commission 
on  Accidentai  Trauma  of  the  Armed  Forces  EpidemioloBical  Board  and  are  supported  by 
the  Office  of  the  Surgeon  General,  Department  of  the  Army,  through  Dunlap  and  Associates, 

Inc.  The  opinions  expressed  herein  are  the  authors'  and  are  not  necesaarily  those  of  the 
•ponsoring  agencies  or  the  Department  of  Defense. 

**This  paper,  illustrated  with  lantern  slides,  was  the  first  of  three  papers  presented 
at  a  meeting  of  the  Section  on  December  16,  1955. 
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accidents  prevented  and  the  number  (or  proportion)  of  people  who  must 
be  rejected  or  reassigned. 

The  first  requirement,  therefore,  is  to  be  able  to  predict  the  expected 
gains  (accidents  prevented)  and  the  corresponding  costs  (amount  of 
selection)  that  will  result  from  alternative  selection  decisions  under  the 
ideal  condition  where  individuals  can  be  discriminated  without  error. 
This  is  an  ideal  gain-cost  relationship  in  the  sense  that  it  represents 
the  best  that  any  selection  program  can  be  expected  to  achieve.  It 
should,  therefore,  form  the  basis  for  any  decision  as  to  whether  or  not 
to  undertake  an  empirical  research  program  for  identifying  accident  pre¬ 
dictors.  From  a  conceptual  point  of  view,  we  are  dealing  with  a  behav¬ 
ioral  property  that  might  be  called  future  accident  expectation.  If  we 
assume  the  existence  of  some  population  distribution  of  future  accident 
expectations,  then  the  ideal  gain-cost  relationships  can  be  derived  by 
studying  the  effect  of  truncating  this  distribution  at  various  points.  In 
effect,  a  behavioral  model  is  required  to  describe  the  population  distri¬ 
bution  of  future  accident  expectations. 

The  second  requirement  is  to  be  able  to  fxedict  the  accident  reduction 
and  the  corresponding  amount  of  selection  that  will  result  when  future 
accident  expectations  cannot  be  discriminated  perfectly,  but  when  dis¬ 
criminations  must  be  based  on  some  co-related  personal  measure  such 
as  visual  acuity  or  previous  accidents  experienced.  Again,  this  requires 
a  behavioral  model.  In  this  case  it  would  take  the  form  of  some  co¬ 
distribution  of  future  accider;t  expectations  and  another  personal  measure 
that  can  be  observed.  The  development  of  such  a  model  and  the  estima¬ 
tion  of  its  parameters  must,  of  course,  depend  on  observations  of  pest 
behavior.  In  this  coruiection  it  must  be  mentioned  that  human  accident 
expectations  caruiot  be  directly  observed.  Only  previous  accident  be¬ 
havior  as  evidenced  perhaps  by  the  number  of  past  accidents  recorded  is 
observable.  This  means  that  some  model  of  underlying  accident  behavior 
is  needed  if  one  is  to  infer  future  accident  expectations  from  past 
accidents.  Given  such  a  model,  it  should  be  possible  to  construct  a 
model  of  the  co-distribution  of  past  accidents  and  some  personal  meas¬ 
ure,  the  parameters  of  which  can  be  estimated  from  empirical  data.  By 
this  means  the  parameters  of  the  model  of  future  accident  expectations 
can  be  estimated. 

Early  results  published  in  connection  with  this  problem  have  provided 
strong  evidence  against  the  so-called  “pure  chance”  model  of  accident 
behavior.^  This  model,  wdiich  would  explain  accident  data  by  means  of 
the  simple  Poisson  distribution,  assumes  that  one’s  liability  to  accident 
never  changes,  either  with  time  or  with  actual  accident  experience,  and 
that  all  individuals  in  the  human  population  have  identical  accident 
liabilities.  On  the  other  hand,  it  was  found  that  a  model  that  assumed 
the  existence  of  some  population  distribution  of  accident  expectations 
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I  seemed  to  offer  satisfactory  agreement  with  many  sets  of  empirical 
1  data.^  More  recently,  however,  it  has  been  shown  that  an  entirely  differ- 

Ient  behavioral  model,  one  that  assumes  all  individuals  to  be  initially 
alike  but  experiencing  a  linear  increase  in  accident  liability  with  each 
accident,  will  result  in  the  same  theoretical  distribution  of  accidents.^ 
By  implication,  of  course,  the  two  contradictory  behavioral  models  can 
never  be  distinguished  by  empirical  test  alone. 

This  finding  has  led  to  considerable  confusion  in  accident  proneness 
research:  first,  because  it  has  suggested  the  need  for  reappraising  the 
proneness  concept  itself;  and,  second,  because  it  illustrates  the  perils 
of  a  rationalistic  approach  to  truth  in  science. 

1  Recently,  other  investigators  have  shown  that  statistical  models  of 
I  accident  phenomena,  based  upon  the  alternative  concepts  of  behavioral 
1  differences  on  the  one  hand,  versus  linearly  increasing  liability  (the  so- 
I  called  positive  linear  contagion  or  negative  linear  learning  model)  on  the 
I  other,  can  differ  under  certain  conditions.*  In  an  earlier  study,  however, 
t  the  author  has  shown  that,  for  the  general  case,  a  behavioral  differer^ces 
j  model  can  always  be  found  that  will  appear  identical  with  a  model  based 
I  on  the  negative  linear  learning  theory. 

I  This  is  a  problem  in  behavioral  research  that  does  not  appear  to  be 
susceptible  to  either  formal  or  experimental  solution.  If  we  recall,  how¬ 
ever,  that  our  willingness  to  accept  any  theory  as  a  working  theory  must 
I  ultimately  be  based  upon  subjective  confidence  in  that  theory  in  prefer- 
||  ence  to  all  formulate  alternatives,  then  a  reasonable  choice  is  possi- 
I  ble.  The  behavioral  differences  mcdel  is  in  keeping  with  all  of  our 
I  experience  in  observing  the  human  population.  The  negative  linear 
t  learning  model  is  highly  artificial  and  absurd.  If  people  learned  with 
I  accidents  at  all,  it  is  probable  that  they  would  learn  more  successfully 
I  to  avoid  them  in  the  future.  If  they  suffered  emotional  changes  that 
I  rendered  them  more  susceptible,  it  is  hardly  possible  that  these  would 
J  be  steplike  permanent  changes. 

j  At  the  same  time,  it  can  be  shown  that  the  behavioral  differences 
I  model  can  be  distinguished  from  statistical  models  based  on  nonlinear 
-  negative  learning  or  any  kind  of  positive  learning  theories.  Empirical 
^  tests  should  therefcxe  serve  to  discriminate  between  the  most  reasonable 
alternative  models.  Careful  consideration  of  this  problem  of  selecting  a 
working  accident  model  (which  will  be  treated  in  a  later  paper)  suggested 
tbe  following  test.  The  behavioral  differences  model  should  be  accepted 
if  it  cannot  be  rejected  when  tested  against  a  date  sample  made  up  of 
accidents  to  at  least  500  individuals  where  the  average  number  of 
accidents  per  man  exceeds  12. 

I  If  we  let  the  population  distribution  of  accident  expectations  be  given 
by  the  Pearson  type  III  density  function,  _ 
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where  X  is  a  continuous  random  variable  defined  over  the  range,  o  < 
then  the  population  distribution  of  accidents  will  be  given  by  the  nega¬ 
tive  binomial  distribution: 


P(x)  = 
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where  x  represents  number  of  accidents  and  a  and  yS  are  parameters  of 
the  underlying  distribution  of  accident  expectations. 

This  model  was  tested  against  a  very  large  sample  of  accident  data 
originally  collected  by  Kraft  and  Forbes.^  These  data,  consisting  of 
over  5400  accidents  to  almost  500  transit  operators,  were  originally 
collected  during  the  period  1937  to  1939.  The  test  of  the  goodness  of  fit 
of  the  negative  binomial  model  to  the  entire  accident  data  sample  yielded 
a  chi-squared  value  that  had  a  probability  of  0.95.  This  result  indicated 
a  very  high  cxder  of  plausibility  for  the  test  model  under  conditions  that 
were  previously  established  to  provide  almost  certain  rejection  if  one  of 
the  alternative  behavioral  models  was  in  fact  true. 

On  the  basis  of  this  result,  the  selection  gain-cost  characteristics 
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were  predicted  for  a  theoretical  selection  program  that  employed  the 
number  of  accidents  during  the  period  1937  to  1939  as  the  selection 
criterion.  This  predicted  relationship  is  indicated  by  the  solid  line  in 
figure  1.  Also  shown  is  the  ideal  gain-cost  relationship  (assuming 
perfect  discriminability  of  future  accident  expectations). 

At  the  same  time,  a  follow-up  study  of  the  survivors  of  the  original 
sample  of  operators  was  conducted.  Data  were  collected  on  almost  650 
accidents  occurring  to  the  150  survivors  during  the  period  1951  to  1954 
(covering  a  total  time  span  of  18  years).  The  hypothetical  selection 
gains  that  would  have  resulted  had  these  150  survivors  been  screened 
on  the  basis  of  1937  to  1939  accidents  were  computed.  The  results  are 
plotted  against  the  predicted  gain-cost  characteristics  in  figure  1. 

These  results  would  seem  to  offer  considerable  substantiation  to  the 
accident-proneness  concept  in  general  and  the  particular  behavioral 
model  tested,  the  Pearson  type  III  model  of  accident  expectations  com¬ 
bined  with  behavioral  stability  and  an  absence  of  accident  learning. 

Of  equal  interest  perhaps  is  the  disappointing  nature  of  the  selection 
gain-cost  relationship.  Almost  half  of  the  sample  of  operators  followed 
would  have  had  to  be  discharged  in  order  to  effect  a  25  per  cent  reduc¬ 
tion  in  accidents.  As  shown  by  the  ideal  gain-cost  curve,  even  if  a 
perfect  accident  predictor  (perfect  in  the  sense  of  predicting  future 
expectations,  not  accidents)  were  found,  selection  would  not  be  ap¬ 
preciably  more  profitable.  Although  this  conclusion  cannot  be  applied 
generally  to  all  accident  situations,  it  strongly  suggests  the  possibility 
that  proneness  research  may  have  much  less  promise  in  terms  of  poten¬ 
tial  application  than  other  fcxms  of  accident  research. 
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II.  THE  DEVELOPMENT  OF  ENGINEERING  TECHNIQUES  FOR  THE 
EVALUATION  OF  SAFETY  PROGRAMS 

By  Robert  J.  Schreiber 
Dunlap  and  Associates,  Inc.,  Stamford,  Conn. 
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The  Problem 

Extent  ot  accident  prevention.  It  is  likely  that  upwards  of  hundreds  of 
millions  of  dollars  are  spent  each  year  on  the  prevention  of  accidents.  A 
large  portion  of  this  sum  is  devoted  to  educational  cdmm unications  whose 
aim  is  to  modify  human  behavior  in  such  a  way  as  to  reduce  the  incidence 
of  accidents.  The  media  used  for  this  purpose  include:  posters,  movies, 
lectures,  etc.  Safety  slogans,  predictions  of  deaths  on  the  highway, 
poster  campaigns,  and  even  the  painting  of  machinery  are  all  used  as 
warnings. 

It  is  clear  that  these  expenditures  clearly  surpass  those  of  any  other 
advertising  campaign  this  country  has  ever  known.  What  has  resulted 
from  this  effort?  National  figures  show  a  very  small  yearly  decline  in 
accident  rate.  Unfortunately,  so  many  other  influences  are  present  (e.g., 
change  in  machine  design)  that  it  is  impossible  to  attribute  the  improve¬ 
ment  to  the  educational  techniques.  This  does  not  eliminate  the  possibil¬ 
ity  that  these  campaigns  may  be  effective,  but  merely  makes  other  hy¬ 
potheses  equally  plausible. 

The  objective  of  this’ research.  The  study  reported  here  was  directed 
toward  developing  a  method  of  evaluating  the  various  educational  meas¬ 
ures  in  terms  of  some  measureable  quantity  whose  statistical  character¬ 
istics  are  known.  This  qualification  enables  the  making  of  inferences 
with  a  known  risk  of  error. 

Criteria  of  Effectiveness 

Necessary  characteristics  of  criteria.  Any  measure  of  the  effective¬ 
ness  of  an  educational  method  on  the  reduction  of  accidents  must  be 
able  to  show  both  the  magnitude  of  the  effect  and,  since  accidents  occur 
in  the  passage  of  time,  the  duration  of  the  effect. 

Accidents  or  accident  rate  as  a  criterion.  It  is  immediately  obvious 
that  the  frequency  of  accidents  constitutes  a  poor  criterion,  since  it 
implies  nothing  about  exposure.  One  might  erroneously  infer,  on  the 
basis  of  frequency  alone,  that  the  accident  campaign  one  week  was  twice 
as  effective  as  another  week  when,  in  fact,  there  were  only  half  as  many 
exposures  in  the  first  week. 

Accident  rate  is  usually  computed  as  the  number  of  accidents  per  some 
unit  of  exposure,  such  as  man-hours  worked.  This  procedure  assumes 

*This  paper,  illustrated  with  lantern  slides,  was  the  second  of  three  papers  presented 
at  a  meeting  of  the  Section  on  December  16,  19SS. 
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equality  of  risk  throughout  the  hours  worked.  Thus,  the  lack  of  knowledge 
of  the  environmental  characteristics  proves  to  be  a  substantial  deterrent 
to  the  employment  of  that  criterion. 

The  nature  of  the  occurrence  of  accidents  presents  severe  limitations 
for  the  use  of  criteria.  Accidents  are  rare  events.  In  order  to  obtain  any 
body  of  evidence,  an  evaluation  must  take  place  over  a  relatively  long 
period  of  time.  That  is,  sufficient  time  must  elapse  for  enough  accidents 
to  accumulate.  This  poses  two  problems;  (1)  after  a  safety  technique  is 
implemented,  all  other  techniques  must  be  suspended  for  the  period  of 
the  evaluation  in  order  that  the  effects  of  many  programs  will  not  be  con¬ 
fused;  and  (2)  the  effects  of  any  one  preventive  technique  may  last  too 
short  a  time  to  affect  the  number  of  accidents  over  a  long  period  and 
may,  in  fact,  wear  off  before  the  period  is  over. 

Previous  investigates  have  used  accident  rate  as  a  criterion.  For 
example,  these  informal  industrial  studies  have  compared  the  accident 
rate  in  two  successive  periods.  Unfortunately,  accident  rate,  like  most 
other  measurable  quantities,  is  subject  to  considerable  statistical  vari¬ 
ation  and,  consequently,  without  statistical  inference  procedures,  the 
results  are  ambiguous. 

Human  behavior  as  a  criterion.  In  view  of  the  above  considerations, 
accidents  must  be  rejected  as  a  criterion.  This  is  not  at  all  surprising, 
for  the  objective  of  a  safety  poster  or  safety  slogan  is  to  modify  be¬ 
havior,  and  only  indirectly  reduce  accidents.  The  most  appropriate 
criterion,  then,  is  a  change  in  behavior. 

In  order  to  use  behavior  as  a  criterion,  one  must  bypass  the  question 
of  how  behavior  is  related  to  accidents.  This,  then,  is  the  critical  as¬ 
sumption.  As  an  engineering  technique,  however,  methods  of  measuring 
the  effect  of  safety  programs  on  behavior  is  a  legitimate  research  ques¬ 
tion,  because  safety  administrators  accept  almost  unanimously  the 
premise  that  behavior  is  related  to  accidents.  In  the  extreme,  this  view¬ 
point  is  unassailable:  if  a  man  wears  safety  goggles,  he  cannot  get  dirt 
in  his  eye;  conversely,  if  he  chooses  to  go  without  the  goggles,  it  is 
possible  for  a  foreign  body  to  enter  his  eye. 

After  this  question  was  bypassed,  the  next  question  of  interest  was: 
Which  behavior  shall  be  observed?  It  is  possible  to  observe  a  limitless 
number  of  behavioral  acts,  but  the  problem  of  which  ones  are  most  close¬ 
ly  related  to  accidents  (if  related  at  all)  makes  a  careful  choice  a  requisite. 
Accident  investigation  reports  in  industry  almost  always  include  a  de¬ 
scription  of  the  act  a  man  was  performing  when  the  accident  occurred. 
This  description  is  based  on  interviews  with  the  injured  man  and  wit¬ 
nesses  and,  consequently,  is  subject  to  errors  of  recall.  More  important, 
the  gross  act  being  performed  is  probably  recalled  far  more  accurately 
than  that  minute  little  act  (if  any)  which  directly  exposed  the  worker  to 
the  possible  accident.  In  this  study,  however,  it  was  assumed  that  the 
investigations  were  sufficiently  thorough  to  preclude  this  kind  of  error. 
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The  author  knows  of  no  way  to  test  the  assumption  without  photograph!-  | 
cally  recording  the  accident  and  comparing  the  photographic  record  with  | 
the  interview  material.  This  would  be  prohibitively  expensive.  Accepting  | 
the  interview  reports,  then,  meant  that  a  list  of  unsafe  acts  was  available.  | 
Some  of  the  behavioral  acts  to  be  observed  can  best  be  classified  as  { 
dichotomies;  either  the  individual  is  taking  a  risk  or  he  is  not.  Conse-  f 
quently,  in  examining  the  safety  behavior  of  a  group,  most  often  the  | 
index  will  be  a  proportion  of  the  persons  who  are  unsafe  or  are  exposing  I 
themselves  to  a  possible  accident.  f 

Evaluating  an  accident-prevention  measure  requires  associating  the  ! 
index  of  behavior  with  the  prevention  measure.  That  is,  when  the  device  I 
or  technique  is  implemented,  the  index  is  observed  to  determine  if  a  I 
change  has  occurred.  This  process  has  limitations  that  must  be  overcome  j 
by  the  design  of  the  investigation.  First,  there  is  the  possibility  that  a  I 
change  in  the  index  would  have  occurred  even  if  the  educational  technique 
had  never  been  used.  There  must  be,  then,  some  assurance  that  the  be¬ 
havioral  index  is  stable.  Second,  there  must  be  some  assurance  that  any 
change  in  the  index  is  a  real  one  not  due,  for  example,  to  sampling  or 
day-to-day  variation.  These  two  requirements  seem  to  be  in  contradiction; 
however,  they  can  be  resolved  by  the  determination  of  a  given  amount  of 
change,  beyond  which  it  can  be  assumed  that  the  change  is  real,  and  I 
within  which  the  change  cannot  be  distinguished  from  the  usual  fluctua-  | 
tion.  I 
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Statistical  Procedures 

Usual  methods.  The  two  usual  methods  of  investigation  are  the  control 
group  and  before-and-after  methods.  The  first  is  impossible  to  implement 
in  an  industrial  situation  because  of  the  necessity  for  two  comparable 
groups  of  workers,  only  one  of  which  is  exposed  to  the  accident-preven¬ 
tion  method.  The  before-and-after  methods  assume  that  the  “after”  re¬ 
sults  would  be  the  same  as  the  “before”  results  if  the  accident-pre¬ 
vention  measure  had  not  been  used.  Such  an  assumption  seems  unwar¬ 
ranted  from  a  priori  considerations,  and  was  later  shown  to  be  erroneous 
in  this  case. 

Use  of  statistical  control  procedures.  The  Shewhart  control  chart  type 
of  analysis  was  admirably  suited  for  this  purpose.  It  overcomes  the  ob¬ 
jections  mentioned  above  and  provides  means  of  inference  with  known 
risk  of  error.  This  procedure  has  been  discussed  extensively  in  many 
places  and  will  not  be  detailed  here. 

The  use  of  this  procedure  requires  the  estimation  of  the  mean  and 
standard  deviation  of  the  behavioral  index.  Define 
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where  represents  the  behavior  of  man  i  on  day  j.  Then 
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where  pf  is  the  index  of  behavior  and  n  is  the  sample  size.  Then,  under 
the  assumption  of  individual  differences,  the  mean  of  the  distribution  of 
Pj  is  the  arithmetic  mean  of  the  individual  p^’s  and  the  variance  can  be 
shown  to  be 


where  Op^  *  is  the  variance  of  the  index 

is  the  variance  under  the  assumption  of  binomial  distribution 
of  py’s  and 

is  the  variance  of  the  binomial  parameters  representing  the 
individuals  in  the  population. 

Complete  derivations  and  estimating  procedures  will  be  published  in  a 
later  paper. 

Application 

Plan  ol  the  investigaticai.  Five  applications  have  been  made  for  pur¬ 
poses  of  evaluating  the  technique.  One  is  reported  here. 

This  application  was  to  a  large  welding  and  shipfitting  shop.  Accident 
reports  revealed  that  over  75  per  cent  of  the  accidents  were  accompanied 
by  at  least  one  of  the  following  behavioral  acts:  (l)lack  of  safety  glasses 
when  required;  (2)  use  of  incorrect  type  of  safety  glasses;  (3)  lack  of 
protective  skullguards;  (4)  misuse  of  exhaust  equipment  when  gas  weld¬ 
ing;  (5)  lack  of  welding  goggles;  (6)  standing  under  material  being  moved 
by  overhead  cranes. 

The  investigator  who  collected  the  data  was  dressed  as  a  workman 
and  could  not  be  distinguished  by  any  identifying  feature.  Twice  each 
day  he  followed  a  prescribed  path  through  the  work  area  and  covertly  re¬ 
corded  both  the  total  number  of  persons  seen  working  and  the  total 
number  engaged  in  one  of  the  unsafe  acts. 

Results.  The  control  chart  for  this  shop  is  presented  in  figure  1. 
Two  sigma  control  limits  were  used.  As  figure  1  shows,  during  the 
two  and  one-half  months  of  the  study  there  are  six  easily  distinguishable 
periods  of  statistical  control.  The  existence  of  these  periods  satisfies  a 
criterion  of  acceptance,  that  of  control. 

The  changes  in  the  level  of  control  were  discussed  late  in  the  study 
with  the  cognizant  safety  personnel  and  supervisory  personnel,  and  it  is 


Figure  1 
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i  possible  that  any  changes  that  could  not  be  accounted  for  were  a  result 
I  of  this  time  lag.  The  first  change,  on  December  9,  was  attributed  to  the 
'  effect  of  a  man  being  severely  injured  in  an  accident.  This  was  a  major 
topic  of  conversation  in  that  shop. 

The  next  two  changes,  a  rise  on  December  23  and  a  drop  early  in 
.  January,  begin  and  terminate  during  the  two  weeks  in  which  Christmas 
'  and  New  Year's  Day  fell.  There  were  three  days  in  which  the  shop  was 
.  closed  and  one  and  one-half  days  of  optional  leave.  This,  then,  was  the 
i  holiday  period.  Supervisory  personnel  report  that  production  falls  off  in 
this  period,  also. 

i 

-  The  next  change  in  mean  occured  about  January  12.  On  January  11,  an- 

-  other  worker  who  had  been  injured  sometime  previously  died.  The  company 
^  newspaper  carried  the  story,  and  this  was  an  all-pervading  influence.  In 
Mart,  the  safety  slogan  that  week  was  “Remember  John  Doe,’’  the  man 

-  who  died. 

On  January  20,  supervisory  personnel  began  an  intensive  drive  to  en- 

-  courage  personnel  to  utilize  the  protective  equipment  issued  to  them. 
I  This  last  change  is  attributed  to  that  drive. 

^  The  individual  points  that  \#ere  out  of  control  during  this  period  have 
i  been  examined  and  tentative  causes  assigned.  In  general,  they  were  not 
^  due  to  the  safety  program. 

]  During  the  period  of  this  study  an  intensive  safety  program  was  carried 
out.  Posters  were  used,  movies  were  shown,  etc.  Most  important,  each 
man  was  exposed  to  a  10-minute  safety  lecture  every  other  week.  None 
of  these  methods  were  followed  by  a  reduction  in  p^,  the  proportion  of 

-  unsafe  acts. 

Conclusions.  All  indications  are  that  the  control  chart  technique  ful- 
L  fills  the  requirements  for  the  statistical  analysis  of  the  behavioral  data. 

'  Since  the  behavioral  acts  observed  are  the  ones  at  which  the  safety 
measures  are  specifically  directed,  it  may  be  concluded  that  the  greatest 
!  changes  in  behavior  are  due  to  unplanned  events,  and  that  the  planned 
I  events  have  no  measurable  effect.  Further  research  is  necessary  to 
j  determine  if  the  same  influences  are  always  followed  by  the  same  re- 
,  suits. 
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III.  THE  APPLICATION  OF  STATISTICAL  CONTROL  TECHNIQUES  I 

TO  THE  STUDY  OF  INDUSTRIAL  AND  MILITARY  ACCIDENTS*  ! 

By  Sebastian  B.  Littauer  t 

Department  of  Industrial  Engineering,  Columbia  University,  New  York,  N,  Y,;  j 
and  Dunlap  and  Associates,  Inc.,  Stamford,  Conn, 

Purpose  I 

The  over-all  objective  of  this  study  has  been  to  determine  the  effectivfr  I 
ness  of  statistical  control  methods  in  the  analysis  and  control  of  in-  [ 
dustrial  accident  frequencies.  The  particular  objectives  of  this  study  i 
were;  t 

(1)  To  discriminate  between  periods  of  stable  and  unstable  accident  f 

frequency  by  examination  and  analysis  of  long  periods  of  past  data.  In  I 
this  phase,  insight  was  to  be  gained  for  adjustment  of  these  methods  for  i* 
greater  effectiveness  in  analysis  of  current  accident  experience.  i 

(2)  To  provide  safety  directors  with  signals  indicating  the  presence 

of  identifiable  and  removable  causes  of  accident  occurrence  on  a  current  • 
basis.  This  of  itself  does  not  guarantee  the  reduction  of  accident  fte-  | 
quency,  but  it  signals  for  directive  action  in  the  search  for  these  causes  ) 
and  thereby  increases  the  likelihood  of  their  discovery  and  eventual 
removal.  i 

(3)  To  search  for  assignable  causes  when  their  presence  is  indicated  ii 

and  to  attempt  their  removal.  This  objective,  of  course,  is  best  pursued  f 
by  the  safety  director  and  his  staff  who  are  in  constant  touch  with  the  I 
situation  and  most  familiar  with  possible  assignable  causes  of  accident  ! 

occurrence.  I 

! 

Procedure  j 

Selection  of  participating  organizations.  The  two  major  factors  in  the  I 
selection  of  study  sites  were:  (1)  consent  of  the  cognizant  management;  | 
and  (2)  diversified  geographic  area.  Manufacturing  establishments  in  < 
urban  and  rural  centers  were  chosen.  The  fields  of  manufacturing  in-  j 
eluded  a  wide  diversity  of  product  types;  electrical  products,  household  , 
products,  optical  goods,  office  machinery,  elevators,  ship  construction,  | 
and  ship  repair.  It  was  intended  that  the  range  of  hazards  be  sufficiently 
broad  so  that  conclusions  reached  would  be  of  general  interest  and  ap¬ 
plicability. 

Selection  and  collection  of  data.  For  the  purposes  of  the  present  in-  i 
vestigation,  detailed  data  were  required  on  such  factors  as  date,  time,  | 
shift,  department,  and  number  of  daily,  weekly,  and  monthly  man-hours,  [ 
etc.  Unfortunately,  not  all  of  this  information  was  available  for  each  of  I 

*This  paper,  Ulustrated  with  lantern  slides,  was  the  third  of  three  papers  presented  d  | 
a  meeUng  of  the  Section  on  December  16,  1955.  I 
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!  the  installations  studied,  and  special  data  collection  machinery  had  to 
I  be  established. 

I  Processing  and  analysis.  The  remainder  of  this  discussion  is  devoted 
I  to  the  study  of  the  accident  experience  of  a  household  products  company, 

:  which  exemplifies  the  nature  of  the  research  in  the  other  organized 

i  studies  (four  other  studies  of  a  comparable  nature  were  performed).  We 
secured  the  past  accident  data  on  a  monthly  basis  for  the  two  years  of 
1952  and  1953.  It  was  felt  that  this  was  a  period  of  time  of  sufficient 
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length  to  give  evidence  of  the  presence  of  assignable  causes  of  variation 
of  accident-injury  frequency,  trends,  and  significantly  different  levels 
in  the  frequency  rate.  Although  other  aspects  of  the  accident  experience 
were  studied,  our  principal  findings  hinged  upon  analysis  of  the  accident 
frequency  rate. 

The  data  available  to  us  at  the  time  were  confined  to  “reportable” 


j  I  accidents.  Subsequently  we  were  able  to  get  some  information  on  “first 
]  aids.”  According  to  the  current  practice  in  industry,  this  information  was 

I  converted  to  frequency  per  million  man-hours  worked.  Initially  the  data 
were  given  on  a  monthly  basis.  It  is  to  be  noted  that  the  number  of  man- 
I  hours  worked  per  month  ranged  from  411,000  to  794,000.  This  is  an 
I  important  fact  in  the  analysis,  since  the  magnitude  of  the  control  limits 
^  I  depends  upon  the  number  of  man-hours  worked,  as  well  as  on  the  fre¬ 
quency  rate.  The  first  step  was  to  prepare  control  charts  based  on  past 
accident  data  and  to  analyze  them  for  signs  of  instability  as  evidenced 
by  points  outside  control  limits,  trends,  runs  up  and  down,  and  runs 
above  and  below  the  mean.  This  evidence  was  discussed  with  safety 
personnel  for  suggestions  as  to  possible  causes  for  these  signs  of  lack 
I  of  control  and  certain  marked  shifts  in  frequency  level. 


( 


ly 


To  obtain  quicker  action  in  the  analysis  and  interpretation  of  the  data 
studied,  we  consulted  the  original  records  and  recast  our  data  on  a  week¬ 
ly  basis.  We  then  prepared  weekly  and  biweekly  frequency  rates  for  this 
two-year  period.  Additional  control-chart  analyses  were  made  of  the  rates 
based  on  the  two  time  units.  These  were  studied  to  determine  which  was 
most  sensitive  to  the  presence  of  assignable  causes.  We  were  concerned 
with  getting  the  quickest  indication  of  necessary  action. 

A  similar  analytical  procedure  was  followed  for  current  data.  In  addi¬ 
tion,  the  current  data  were  compared  with  the  findings  from  the  past 
data.  Attempts  were  made  to  analyze  and  interpret  the  current  data  by 
statistical  control  methods  as  soon  as  each  new  item  of  data  became 


available.  During  the  analysis  of  the  current  data,  discussions  were 
held  with  safety  personnel  in  order  to  isolate  causes  of  variation.  Com¬ 
parisons  were  made  between  the  various  first-aid  frequencies  and  the 
reportables  for  the  year  1954. 

Results 

Considerable  experience  with  control  chart  analysis  of  accident  data 
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suggests  that  the  use  of  two-sigma  control  limits  would  provide  action 
signals  when  assignable  causes  of  accidents  are  present.  The  most 
practicable  multiple  of  sigma  for  control  values  may  vary  with  the  or¬ 
ganization,  and  it  should  be  studied  locally  to  determine  a  value  which 
will  give  optimum  results. 

Three  control  charts  were  constructed  from  the  same  data  for  the  same 
period  of  time,  but  were  based  on  the  different  time  units:  namely,  monthly, 
biweekly,  and  weekly  accident  rates.  The  control  chart  pictured  here 
is  based  on  biweekly  periods  and  not  on  the  classic  monthly  time  base 
employed  throughout  industry  for  reporting  accident  rates.  A  number  of 
changes  in  the  causal  system  over  the  three-year  period  are  detected  by 
the  control  chart.  The  use  of  a  biweekly  base  facilitated  examination  of 
the  data,  which  showed  that  there  were  at  least  three  periods  that  differed  j 
significantly  from  each  other.  Also,  there  was  good  evidence  that  these  I 
changes  in  the  accident  rate  were  not  chance  occurrences.  The  in-  | 
vestigators  attempted  to  associate  these  changes  with  assignable  causes 
indicated  by  the  safety  director  and  his  staff.  Conferences  with  these 
people,  analysis  of  accident  records  for  the  period,  and  examination  of 
the  minutes  of  safety  meetings  revealed  that  changes  in  the  accident  j 
rate  could  be  tied  in  with  a  number  of  the  following  assignable  causes; 
(1)  many  new  employees,  high  turnover;  (2)  large  percentage  of  accidents 
occurring  among  workers  employed  less  than  six  months;  (3)  many  em¬ 
ployees  and  manufacturing  operations  moved  from  old  plant  to  new; 
(4)  introduction  of  new  products;  (5)  production  schedules  increased,  I 
overtime  work;  and  (6)  many  new  foremen  improperly  trained  for  their  | 
important  part  in  carrying  out  the  safety  program  on  the  production  line.  ; 

These  causes  are  interrelated  and  stem  from  the  over-all  influence  of  j 
plant  expansion  and  change  of  environment.  It  is  certain  that  these 
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factors  are  not  exhaustive  in  accounting  for  assignaole  causes  in  the 
accident  rate,  but  they  represent  the  major  ones  known  to  the  safety  staff. 

To  demonstrate  how  the  control  chart  might  have  been  used,  had  it 
been  employed  on  a  current  basis,  let  us  review  specific  indications  in 
the  control  chart  for  the  presence  of  assignable  causes  of  accidents. 

Means  and  control  limits  were  calculated  for  two  periods  lying  within 
the  years  1952  and  1953  in  order  to  confirm  indications  of  changes  in  the 
accident  rate.  From  January  1952  through  March  1953,  the  control  chart 
showed  the  accident  rate  to  be  stable,  with  a  mean  accident  rate  of  44 
accidents  per  million  man-hours  and  control  limits  of  63  and  25.  April 
1953  to  March  1954  comprises  another  period  in  which  the  accident  rate 
was  stable  but  higher  than  that  of  the  preceding  15  months.  The  mean 
rate  for  this  period  was  70  accidents  per  million  man-hours  with  control 
limits  of  89  and  51.  Beginning  in  April  1954,  there  was  a  marked  increase 
in  accident  rate,  characterized  by  greater  variability. 

Let  us  consider  some  details  on  the  control  chart.  Trial  control  limits 
extended  into  the  first  seven  months  of  1953  serve  as  a  basis  for  analyz¬ 
ing  the  accident  rate  for  the  presence  of  assignable  causes.  In  1953.  the 
second  April  point  falls  above  the  upper  limit.  Had  the  control  chart  been 
in  use  at  the  time,  an  investigation  could  have  been  made  to  search  for 
the  assignable  causes  for  this  increase  in  frequency,  and  action  could 
have  been  taken  to  remove  the  causes,  if  possible.  During  the  next 
month  the  rate  was  down  again,  and  it  may  be  assumed  that  the  assignable 
causes  had  been  found  and  successfully  removed.  However,  two  points 
during  the  next  two  months,  June  and  July  1953,  are  again  outside  the 
control  limits.  Hence,  stronger  conviction  is  given  to  the  earlier  in¬ 
ference  that  the  increase  in  the  accident  rate  was  not  a  chance  occur¬ 
rence.  In  succeeding  months,  investigation  and  attempts  at  corrective 
action  might  have  revealed  that  the  change  in  plant  location  and  influx 
of  new  inexperienced  employees  were  responsible  for  a  higher  level  of 
accident  experience.  After  establishing  that  fact,  added  job  training  and 
intensification  of  safety  education  might  have  been  undertaken.  A  lesson 
to  be  learned  here  is  that  preventive  action  can  be  taken  by  way  of  pre¬ 
paring  for  more  adequate  job  and  safety  training  in  anticipation  of  a 
large  increase  in  new  employees.  The  safety  director  can  examine  and 
account  for  possible  changes  in  environmental  factors,  new  machinery, 
etc.,  and  their  effect  on  safety.  Statistical  control  methods,  properly 
used,  give  conviction  to  the  suspected  effect  on  accident  rate  of  phe¬ 
nomena  that  take  place  during  a  production  push,  the  introduction  of  new 
products,  or  plant  expansion. 

Following  November  1953,  there  was  a  run  of  four  points  below  the 
mean,  a  drop  that  warranted  attention.  While  a  run  of  four  is  not  so  rare 
as  to  indicate  the  development  of  a  nonchance  cause  of  accident  reduc¬ 
tion,  a  four-month  decline  should  disclose  something  of  interest.  Though 
this  low  run  seems  to  conflict  with  the  sudden  increase  in  the  rate  two 
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months  later,  investigation  at  the  time  might  have  revealed  some  condi¬ 
tions  indicative  of  an  impending  change  in  the  system.  Extension  of 
limits  for  the  period  just  under  discussion  into  1954  served  as  the  guide 
for  studying  this  company’s  accident  rate  on  what  was  to  have  been  a 
current  basis.  For  reasons  beyond  our  control,  however,  the  study  was 
discontinued  for  a  period  of  six  months.  When  it  was  resumed,  majoi 
changes  in  the  accident  rate  had  occurred.  Beginning  in  April  1954,  ail 
points  but  one  on  the  control  chart  are  above  their  prevailing  mean.  This 
information  was  made  available  to  the  company  during  this  time,  but  no 
attempts  were  made  to  search  for  and  remove  the  assignable  causes  fot 
this  increase.  Investigation  ordinarily  would  have  been  begun  in  April 
and  appropriate  action  instigated. 

The  important  point  to  be  brought  out  here  is  that  a  thorough  search 
for  and  analysis  of  causes  should  be  made  as  soon  as  possible  when 
control  chart  criteria  of  assignable  variation  are  present.  Every  effort 
should  then  be  made  to  tie  in  these  findings  with  the  discovery  of  as¬ 
signable  causes. 

The  discovery  of  a  series  of  proximal  causes  that  cannot  be  eliminated 
may  indicate  that  they  are  part  of  a  larger  system  of  causes.  In  the 
company  under  study,  for  example,  production  pushes  are  cited  as  having 
been  a  major  assignable  cause  for  increases  in  accidents  during  1954. 
Prior  to  and  during  production  pushes,  high-level  management  has  in  its 
power  consciously  to  take  measures  to  forestall,  or  at  least  to  mitigate, 
accident  increase  by  requiring  that  safety  regulations  be  strictly  en¬ 
forced  and  that  safe  working  conditions  and  habits  prevail.  Thus  the 
control  of  accidents  is  a  top-level  policy  matter. 

During  this  study  a  detailed  analysis  of  the  comparative  effectiveness 
of  the  use  of  different  time  bases— weekly,  biweekly,  and  monthly-was 
made.  There  are  definite  indications  that  the  monthly  time  base  provides 
for  too  slow  action.  The  accident  experience  of  a  particular  factory  must 
be  operationally  analyzed  in  order  to  determine  its  most  sensitive  time 
base. 

Many  other  aspects  of  accident  phenomena,  such  as  “lost  time," 
“severity,”  injury  characterization,  department  of  occurrence,  age  dif¬ 
ference,  sex  difference,  etc.,  were  studied.  It  was  found  that  the  above 
characteristics  were  not  revealing  of  courses  of  action  except  as  auxiliary 
to  control-chart  indications  of  the  presence  of  assignable  causes.  The 
principal  need  in  pursuit  of  safety  is  an  analytical  tool  that  employs  the 
evidence  available  for  aiding  in  the  discovery  of  assignable  causes  of 
accident  occurrence.  This,  we  believe,  is  the  value  of  statistical  control 
analysis  of  accident  experience,  and  we  believe  that  the  investigation 
briefly  discussed  here  leads  to  the  conclusions  listed  below. 
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Conclusions  I 

(1)  Statistical  control  methods  used  in  this  investigation  can  bring  | 
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f  about  a  reduction  in  industrial  accident  frequency.  The  use  of  these 
I  methods  and  associated  techniques  can  become  a  valuable  part  of  the 
®****^'  I  tegular  practice  of  safety  directors  who  are  skilled  in  their  application. 
* }  (2)  The  present  investigation  revealed  two  marked  increases  in  acci- 
I  dent  rate  whose  occurrence  are  attributable  to  one  or  more  of  the  follow- 
{  ing  assignable  causes; 

j  (a)  production  push;  (b)  introduction  of  new  products;  (c)  increase  in 
J  number  of  new  employees;  (d)  changes  in  job  assignments;  (e)  plant  ex- 
**  I  pansion;  (0  inexperience  of  supervisory  personnel. 

^  I  (3)  Statistical  control  methods  indicate  the  presence  of  assignable 
I  caises  of  significant  changes  in  accident  frequency  sooner  than  other 
I  means.  Quick  search  for  these  causes  and  strong  efforts  to  remove  them 
I  can  prevent  the  increase  in  accident  rate  to  a  higher  stable  level, 
when  I  Behavioral  factors  appeared  to  constitute  the  principal  cause  of 
I  increase  in  the  accident  rates  studied.  Apparently  these  behavioral 
I  factors  develop  slowly  to  bring  about  a  less  satisfactory  level  of  plant- 
I  wide  worker  attitude  toward  safety  practices. 

£  (5)  Continued  application  of  statistical  control  methods  and  examina- 

1^*  j  tion  of  worker  response  to  education  and  enforcement  of  safety  practices 
}  should  lead  to  a  better  understanding  of  methods  that  can  be  used  in 
I  anticipation  of  changes  in  production  policies,  thus  allowing  preventive 
I  action  to  be  taken. 

I  (6)  Reportable  accident  rate  should  be  emphasized.  It  is  possible, 

I  however,  that  correlation  between  frequencies  of  industrial  first-aid 
I  cases  and  of  reportable  accidents  exists  in  some  industries.  The  fre- 

fquency  of  industrial  first-aid  cases  should  be  studied  as  potentially  a 
more  sensitive  barometer  to  corrective  action  than  frequency  of  report- 
able  accidents. 

I  (7)  Present  data  selection,  collection,  and  analysis  systems  are  not 
list  f 

I  always  adequate  for  uncovering  the  subtler  aspects  of  accident  causa- 
!  tion.  Attention  should  be  given  to  the  whole  matter  of  data  as  an  adequate 
I  basis  for  analysis,  so  that  meaningful  inferences  can  be  made  in  one 
'[  I  plant  from  its  own  data,  and  so  that  meaningful  comparisons  can  be 
I  made  among  the  accident  experience  at  different  plants. 
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CONFERENCE  HELD 

SECTION  OF  BIOLOGY 

EPIDEMIC  AND  ENDEMIC  DIARRHEAL  DISEASES 
OF  THE  INFANT 

Thursday,  December  8  and 
Friday,  December  9,  1955 

Conference  Co-Chairmen: 

Erwin  Neter,  Children's  Hospital,  and  University  of  Buffalo, 
Buffalo,  New  York,  and 

James  A.  Baker,  Cornell  University,  Ithaca,  N.  Y. 

THURSDAY,  DECEMBER  8,  1955 

Session  Chairman:  Hilary  Koprowski 
Lederle  Laboratories  Division,  American 
Cyanamid  Company,  Pearl  River,  N.  Y. 

9:00  A.M.  - 

Greetings  from  the  Academy  —  Hilary  Koprowski,  Chairman,  Section  d 
Biology,  New  York  Academy  of  Sciences,  New  York  City;  Lederle  Labo¬ 
ratories  Division,  American  Cyanamid  Company,  Pearl  River,  N.  Y. 


Introductory  Remarks  —  Erwin  Neter,  Conference  Chairman,  Children’s 
Hospital,  and  University  of  Buffalo,  Buffalo,  N.  Y. 


“Diarrheal  Diseases  of’Man:  A  Historical  Review  and  Global  Appraisal” - 
Albert  V.  Hardy,  Florida  State  Board  of  Health,  Jacksonville,  Fla. 


“Diarrheal  Diseases  of  Animals:  An  Appraisal”  —  William  A.  Hagan,  e 
Cornell  University,  Ithaca,  N.  Y.  la 


“Host-Microbe  Relationships”  —  Walter  J.  Nungester,  University  of 
Michigan,  Ann  Arbor,  Mich. 


“Genetics  and  Nutrition  of  the  Host  in  Relation  to  Susceptibility  to  In¬ 
fection”  —  Howard  A.  Schneider,  The  Rockefeller  Institute  for  Medical 
Research,  New  York,  N.  Y. 

“Active  and  Passive  Immunity  of  the  Infant”  —  Geoffrey  Edsall,  Army 
Medical  Service  Graduate  School,  Washington,  D.  C. 
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!  Session  Chairman:  Erwin  Neter 

1  Children's  Hospital,  and  University  of  Buffalo, 

111 

I  Buffalo,  N.  Y. 

2:00  P.M.  - 

“Salmonellae  and  Salmonellosis”  —  Philip  R.  Edwards,  Communicable 
Disease  Center,  Chamblee,Ga. 

“An  Epidemic  of  Salmonella  panama  Infection  in  Infants”  — F.  S.  Leeder, 
Michigan  Department  of  Health,  Lansing,  Mich. 

“Enteropathogenic  Escherichia  co/i”  —  William  H.  Ewing,  Communicable 
I  Disease  Center,  Chamblee,  Ga. 

I 

!  “Experimental  Diarrheal  Disease  of  Human  Volunteers  Due  to  Escherichia 
^  ooli"  —  William  Ferguson,  Michigan  Department  of  Health,  Lansing,  Mich. 

“Escherichia  coli  Associated  with  Infantile  Diarrhea”  —  Merlin  L. 
Cooper,  Children’s  Hospital  Research  Foundation,  Cincinnati,  Ohio. 

“Infantile  Diarrhea  Due  to  Escherichia  coli*’  —  Cyril  S.  Stulberg' and 
^  Wolf  Zuelzer,  The  Child  Research  Center  of  Michigan,  Detroit,  Mich. 

!  Session  Chairman:  Philip  R.  Edwards 

Communicable  Disease  Center,  Chamblee,  Ga. 

i 

I  8:00  P.M.  - 

of  I  “Studies  on  Enteropathogenic  Escherichia  coli”  —  Robert  B.  Lindberg, 
to-  ^  Army  Medical  Service  Graduate  School,  Washington,  D.  C. 

I 

I  “Epidemiologic  Studies  of  Enteropathogenic  Escherichia  coli  Diarrhea”  — 
's  I  Aaron  H.  Stock,  Children's  Hospital  of  Pittsburgh,  Pittsburgh,  Pa. 

[ 

I  “Spread  and  Control  of  Escherichia  coli  Diarrheal  Disease”  —  Warren  E. 
Wheeler,  The  Children’s  Hospital,  Columbus,  Ohio. 

^  “Control  of  Epidemic  Diarrhea  of  the  Newborn  in  Hospitals  and  Nurs- 
n,  eries”  —  Albert  H.  Harris,  A.  Yankauer,  D.  C.  Greene,  M.  Y.  Phaneuf, 
and  M.  B.  Coleman,  New  York  State  Department  of  Health,  Albany,  N.  Y. 

of  “Escherichia  coli  as  a  Cause  of  Diarrhea  in  Calves”  —  H.  W.  Dunne, 

I  Pennsylvania  State  University,  University  Park,  Pa. 

1-  I  “The  Role  of  Paracolobactrum  and  Proteus  in  Infantile  Diarrhea”  — 
il  I  C.  D.  Graber  and  M.  C.  Dodd,  Ohio  State  University,  Columbus,  Ohio. 

j  “The  Bacterial  Hemagglutination  Test  for  the  Demonstration  of  Anti- 
y  !  bodies  to  Enterobacteriaceae”  —  Erwin  Neter,  Children’s  Hospital,  and 
I  University  of  Buffalo,  Buffalo,  N.  Y. 
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FRIDAY,  DECEMBER  9,  1955 

Session  Chairman:  James  A.  Baker 
Cornell  University,  Ithaca,  N.  Y. 


9:00  A.  M.  - 

“The  Role  of  Clostridia  in  Diarrheal  Disease  of  Man”  —  J.  D.  MacLennan, 
Columbia  University,  New  York,  N.  Y. 

“The  Role  of  Clostridia  in  Diarrheal  Disease  of  Animals”  -  E.  M. 
Baldwin,  Corn  States  Laboratories,  Omaha,  Neb. 

“Gammaglobulin  Deficiencies  in  the  Young”  —  David  M.  Spain,  Beth-El 
Hospital,  Brooklyn,  N.Y. 

“Epidemic  Diarrheal  Disease  of  Viral  Origin  of  Newborn  Calves*'  - 
C.  A.  Brandly  and  A.  W.  McClurkin,  University  of  Wisconsin,  Madison, 
Wis. 

“Epidemic  Diarrheal  Disease  of  Viral  Origin  of  Newborn  Swine”  —  L.  M. 
Hutchings,  Purdue  University,  Lafayette,  Ind. 
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“Propagation  of  Transmissable  Gastroenteritis  Virus  in  Tissue  Culture" 
—  K.  M.  Lee,  Cornell  University,  Ithaca,  N.  Y. 

“Epidemic  Diarrheal  Disease  of  Suckling  Mice”  —  F.  S.  Cheever,  Uni¬ 
versity  of  Pittsburgh,  Pa. 
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Session  Chairman:  James  A.  Baker 
Cornell  University,  Ithaca,  N.  Y. 


2:00  P.M.  - 

“Epidemic  Diarrheal  Disease  of  Viral  Origin  of  Puppies”  -  J.  H. 
Gillespie,  Cwnell  University,  Ithaca,  New  York. 

“Miyagawanella  Infections  in  Calves”  —  C.  J.  York,  Pitman-Moote 
Company,  Indianapolis,  Ind.  ) 

“Epidemic  Diarrhea  of  the  Newborn  Infant  Due  to  Virus”  —  H.  L.  Hodes, 
Mount  Sinai  Hospital,  New  York,  N.  Y. 
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“Viral  Diarrheal  Diseases  of  Adults  and  Their  Possible  Relationship  to 
Infantile  Dianhea”  —  Irving  Gordon,  University  of  Southern  California.  I 
Los  Angeles,  Calif.,  and  Elinor  Whitney,  New  York  State  Department  of  { 
Health,  Albany,  N.  Y. 
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“The  Significance  of  Viruses  Recovered  from  the  Intestinal  Tract  of 
Healthy  Infants  and  Children”  —  A.  B.  Sabin,  University  of  Cincinnati, 
Cincinnati,  Ohio. 
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NEW  MEMBERS 

]  Elected  December  20,  1955 

iUFE  MEMBERSHIP 

Ctfidi,  Salvatore,  M.D.,  Geology,  Mineralogy.  Private  Practice,  West  New  York, 
N.J. 

SUSTAINING  MEMBERSHIP 

I  Berkman,  A.  Tevfik,  M.D.,  Radiotherapy,  Cancer.  Professor,  Radiological  In- 

(stitute.  University  of  Istanbul,  Istanb^,  Turkey. 

Birth,  Lothar  G.,  M.D.,  Cancer  Research.  Medical  Staff,  Pharmaceutical  De¬ 
partment,  Farbenfabriken  Bayer,  Leverkusen,  Germany. 

Conley,  John  J.,  M.O.,  Biology,  Psychology.  Clinical  Professor,  Otolaryngology, 
New  York  University  Medical  School,  New  York,  N.Y. 

~  I  Gemmill,  Paul,  B.S.,  Economic  Geology.  Manager,  Nevada  Operations,  Combined 
i^n  *  Metals  Red.,  Co.,  Pioche,  Nev. 

iGohrbandt,  Erwin,  M.D.,  Surgery.  Professor,  Surgery,  University  of  Berlin, 
Berlin,  Germany. 

Junkmann,  Karl,  M.D.,  Pharmacology.  Professor,  Endocrinology,  University  of 
Berlin,  Berlin,  Germany. 

Schein,  J.,  M.D.,  Psychiatry.  Research  and  Psychiatric  Ward  Teaching,  Mt. 

.  Sinai  Hospital,  New  York,  N.Y. 

I  Spencer,  Robert  D.,  M.D.,  Biology,  Geology.  Private  Practice,  Ashland,  Pa. 

!  Spotkov,  David  Haskell,  M.D.,  Medicine.  Associate  Attending  Obstetrician, 

(New  York  City  Hospital,  New  York,  N.Y. 

Stabler,  Andrew  Lee,  M.D.,  Biology,  Chemistry.  Private  Practice,  Birmingham, 
Ala. 

Stingily,  Karl  Otto,  M.D.,  Biology.  Owner-Director,  Stingily  Skin  and  Cancer 
^  Clinic,  Meridian,  Miss. 


I  ACTIVE  MEMBERSHIP 

I  Aburano,  Akio,  M.D.,  Medicine.  Resident  Physician,  Pathology,  University  of 
\  Pittsburgh,  Pittsburgh,  Pa. 

I  Adriano,  Salvador  M. ,  M.D.,  Medical  Mycology.  Assistant  Attending  Pathologist, 
I  Cincinnati  General  Hospital,  Cincinnati,  Ohio. 

U  I  Albert,  Odd,  B.S. ,  Structures.  Associate  Professor,  Civil  Engineering,  Brooklyn 
I  Polyteclmic  Institike,  Brooklyn,  N.Y. 

!  Albright,  Howard,  M.D.,  Cardiovascular  Disease.  Associate  Medical  Director, 

I*  Bristol  Laboratories,  Inc.,  Syracuse,  N.Y. 

Alkjaersig,  Norma  K.,  M.S.,  Blood  Proteins.  Research  Associate,  Division, 

,  Medical  Research,  Jewish  Hospital,  St.  Louis,  Mo. 

i'  Alonso  de  Florida,  Francisco,  M.D.,  Physiology.  Research  Assistant,  Yale 
t  University  School  of  Medicine,  New  Haven,  Conn. 

S,  Aposhian,  H.  Vasken,  Ph.D.,  Metabolic  Antagonists.  Instructor,  Pharmacology, 
Vanderbilt  University  School  of  Medicine,  Nashville,  Term. 

Arcadi,  John  A.,  M.D.,  Histochemistry.  Instructor,  Surgery,  University  of 
Southern  California,  Los  Angeles,  Calif. 

Archambault,  Remi,  M.D.,  Pediatrics.  Pediatrician,  Verdun  General  Hospital, 

),  Montreal,  P.Q.,  Canada. 

^  ;  Artunkal,  Suphi,  M.D.,  Pharmacology.  Assistant  Professor,  Pharmacology, 
University  of  Istanbul,  Istanbul,  Turkey. 

Avakian,  Souren,  Ph.D.,  Medicinal  Chemistry.  Assistant  Research  Director,  The 
National  Drug  Company,  Philadelphia,  Pa. 

^  Badgley,  Wilfrid  John,  Ph.D.,  Polymer  Chemistry  Research.  Assistant  Professor, 
Chemistry,  University  of  Miami,  Coral  Gables,  Fla. 

I  Bate,  Stina  Bjork-von,  M.D.,  Hypertension.  Associate  Professor,  Academic 
Hospital,  Uppsala,  Sweden. 
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Bain,  Gordon  O. ,  M.D.,  Hematology.  Assistant  Pathologist,  University  of 
Alberta,  Edmonton,  Alta.,  Canada. 

Balant,  Charles  P.,  Ph.D.,  Cytochemistry.  'Assistant  Director,  Research, 
Medicinal  Chemistry,  The  National  Drug  Company,  Philadelphia,  Pa. 

Baldwin,  Jack  N.,  Ph.D.,  Bacterial  Cytology.  Assistant  Professor,  Bacteriology, 
Ohio  State  University,  Columbus,  Ohio. 

Baldwin,  Maitland,  M.D.,  Surgical  Neurology.  Chief  Neurosurgeon,  National 
Institute  of  Neurological  Diseases  and  Blindness,  Bethesda,  Md. 

Barber,  Aeleta  Nichols,  Ph.D.,  Ophthalmology.  Associate  Professor,  Pathology, 
Louisiana  State  University  School  of  Medicine,  New  Orleans,  La. 

Barnett,  Henry  L. ,  M.D.,  Pediatrics.  Professor,  Chairman,  Department  of 
Pediatrics,  Albert  Einstein  College  of  Medicine,  Yeshiva  University,  New 
York,  N.Y. 

Batt,  William  G.,  D.Sc. ,  Cancer  Research.  Director,  Biochemical  Research 
Foundation,  Newark,  Del. 

Beard,  Marion  F.,  M.D.,  Hematology.  Private  Practice,  Louisville,  Ky. 

Becker,  Bernard,  M.D.,  Ophthalmology.  Professor,  Head,  Department  of  Ophthal¬ 
mology,  Washington  University  School  of  Medicine,  St.  Louis,  Mo. 

Beebe,  Richard  T.,  M.D.,  Internal  Medicine.  Physician  In  Chief,  Albany  Hos¬ 
pital,  Albany,  N.Y. 

Bell,  Hugh  George,  M.D.,  Gynecology.  Private  Practice,  Gynecology,  New  York, 
N.Y. 

Beilis,  John  M.,  Jr.,  M.D.,  Psychiatry.  Coordinator,  Training  and  Research, 
State  Department  of  Mental  Health,  Hartford,  Conn. 

Bernard,  John  A.,  M.D.,  Metabolism.  Private  Practice,  Cincinnati,  Ohio. 

Bernstein,  Arthur,  M.D.,  Biology.  Research  Associate,  Cardiovascular  Diseases, 
Beth  Israel  Hospital,  Newark,  N.J. 

Billings,  Marta  S.,  M.D.,  Radiation.  Research  Physician.  Atomic  Energy  Project, 
University  of  Southern  California,  Los  Angeles,  Calif. 

Biron,  Robert  E. ,  M.D.,  Pathology.  Pathologist,  Notre  Dame  Hospital,  Man¬ 
chester,  N.H. 

Bissell,  Dwight  M. ,  M.D.,  Public  Health.  City  Health  Officer,  City  of  Jan  Jose, 
Calif. 

Bogin,  Maxwell,  M.D.,  Pediatrics.  Attending  Pediatrician,  Chief,  Service, 
Bridgeport  Hospital,  Bridgeport,  Conn. 

B^'k,  Jan  A.,  M.D.,  Medical  Genetics.  Acting  Professor,  Director,  The  Swedish 
State  Institute  for  Human  Genetics,  Uppsala,  Sweden. 

Bosma,  James  F.,  M.D.,  Pediatrics.  Professor,  Head,  Department  of  Pediatrics, 
University  of  Utah  College  of  Medicine,  Salt  Lake  City,  Utah. 

Bowers,  C.  Y.,  M.D.,  Endocrines.  Instructor,  Department  of  Medicine,  Tulane 
University,  New  Orleans,  La. 

Braganza,  Teodoro,  M.D.,  Psychiatry.  Assistant  Resident,  Psychiatry,  Duke 
Hospital,  Durham,  N.C. 

Burstein,  Charles  L. ,  M.D.r  Anesthesiology.  Chief,  Department  of  Anesthesi¬ 
ology,  Ho^ital  for  Special  Surgery,  New  York,^N.Y. 

Busch,  Harris,  M.D.,  Biochemical  Pharmacodynamics.  Associate  Professor, 
Pharmacology,  University  of  Illinois,  Chicago,  Ill. 

Caccamo,  Leonard  P.,  M.D.,  Biology.  Private  Practice,  Youngstown,  Ohio. 

Cagnina,  Raymond  B.,  M.D.,  Biology.  Resident  Surgeon,  Phelps  Memorial 
Hospital,  North  Tarrytown,  N.Y. 

Cahue,  Antonio,  M.D.,  Internal  Medicine.  Private  Practice,  Ciego  de  Avails, 
Cuba. 

Caillere,  Simonne,  D.Sc.,  Mineralogy,  Geology.  Director,  Laboratoire  de  Miner- 
alogie  du  Museum,  Paris,  France.. 

Canary,  John  Joseph,  M.D.,  Endocrinology.  Post  Doctorate  Research  Fellow, 
National  Institutes  of  Health,  Georgetown  University  Hospital,  Washington, 
D.C. 

Cantor,  Jack  Leon,  M.D.,  Surgery.  Attending  Surgeon,  Central  Suffolk  Hospital, 
Riverhead,  N.Y. 

Capland,  Lewis,  M.D.,  Biology.  Private  Practice,  Miami  Beach,  Fla. 

Coffelt,  Kenneth  C.,  M.D.,  Internal  Medicine.  Private  Practice,  Springfield,  Mo. 

Cole,  Malvin,  B.A. ,  Medicine.  Medical  student,  Georgetown  University,  Wash¬ 
ington,  D.C. 
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(Cole,  Monroe,  B.A. ,  Pathology.  Medical  Student,  Georgetown  University,  Wash* 
ington,  D.C. 

I'  Conway,  Herbert,  M.D.,  Tissue  Homotransplantation.  Professor,  Clinical 
Surgery,  Cornell  Medical  Center,  New  York  Hospital,  New  York,  N.Y. 
Cooper,  Bernard  A.,  M.D.,  Medicine.  Assistant  Resident,  Baltimore  City  Hospi¬ 
tal,  Baltimore,  Md. 

Corcoran,  Arthur  Curtis,  M.D.,  Vascular  Disease.  Assistant  Director,  Research 
Division,  Cleveland  Clinic  Foundation,  Cleveland,  Ohio. 

Craig,  John  M.,  M.D.,  Pathology.  Pathologist,  Children’s  Hospital,  Boston,  Mass. 
Cunningham,  Dorothy  J.,  M.S.,  Pharmacology.  Junior  Pharmacologist,  Hoffmarm- 
.  La  Roche,  Inc.,  Nutley,  N.J. 

{  Dedmon,  Robert  E.,  B.S.,  Medicine.  Medical  Stixlent,  Indiana  University  Medical 
)  School,  Indianapolis,  Ind. 

Idi  Roberto,  Enrico  Sanseverine,  M.D.,  Urology.  Vice  Director,  Urology  Depart¬ 
ment,  City  Hospital,  Naples,  Italy. 

Eckman,  John  W.,  B.S.,  Pharmaceutical  Research.  Manager,  Professional  Divi- 
i  sion,  Thos.  Learning  and  Company,  Inc.,  New  York,  N.Y. 

(Ely,  Robert  S.,  M.D.,  Pediatric  Endocrinology.  Assistant  Professor,  Pediatrics, 
University  of  Utah,  Salt  Lake  City,  Utah, 
f  Fenton,  Meryl  M. ,  M.D.,  Allergy.  Private  Practice,  Detroit,  Mich. 

>  Flemer,  John  Wilkinson,  D.V.M.,  Veterinary  Entomology.  Assistant  in  General 
Veterinary  Practice,  Springfield,  Vt. 

Frick,  Harold  V.,  Geology.  Geo.  A.  Breon  and  Company,  Loudonville,  N.Y. 

Frieden,  Julian,  M.D.,  Medicine.  Assistant  in  Medicine,  Montefiore  Hospital, 
New  York,  N.Y. 

Gavis,  Gustave,  M.D.,  Biology.  Private  Practice,  Brooklyn,  N.Y.  . 

Glazener,  Frederic  S.,  M.D.,  Clinical  Evaluation  of  New  Drugs.  Senior  Research 
Associate,  Division  of  Clinical  Investigation,  CIBA  Pharmaceutical  Products, 
Inc.,  Summit,  N.J. 

Goldberg,  Bernard  D.,  M.D.,  Medicine.  Private  Practice,  New  Rochelle,  N.Y. 
Grand,  Milton  J.  H.,  M.D.,  Pediatrics,  Microbiology.  Attending  Pediatrician, 

I  Montefiore  Hospital,  New  York,  N.Y. 

Gustafson,  Tryggve,  Biology,  Anthropology.  The  Wenner-Gren  Institute,  Stock¬ 
holm,  Sweden. 

Hakim,  Anwar,  Ph.D.,  Biological  Chemistry.  Enzyme  Chemist,  National  Children’s 
I  Cardiac  Hospital,  Miami,  Fla. 

Hamperl,  Herwig,  M.D.,  Pathology.  Professor,  Head,  Department  of  Pathology, 
Borm  University,  Bonn,  Germany. 

Hopke,  Charles  J.,  Jr.,  B.S.,  Tissue  Culture.  Research  Associate,  Department 
of  Virus  Research,  Sharp  and  Dohme,  Inc.,  West  Point,  Pa. 

Hotz,  Preston  E.,  Ph.D.,  Geology.  Geologist,  U.S.  Geological  Survey,  Menlo 
Park,  Calif. 

Hurwitz,  Samuel,  M.D.,  Pediatrics.  Assistant  Clinical  Professor,  University  of 
California  Medical  School,  San  Francisco,  Calif. 

Ingelmark,  Bo  Eric,  M.D.,  Biology,  Anthropology.  Dean,  Medical  Faculty,  Uni- 
veristy  of  Gothenburg,  Gothenburg,  Sweden. 

Irwin,  John  Wellington,  M.D.,  Allergy.  Clinical  and  Research  Fellow,  Medicine, 
Massachusetts  General  Hospital,  Boston,  Mass. 

Izzo,  Anthony  James,  M.D.,  Endocrinology.  Instructor,  Medicine,  University  of 
Rochester,  Rochester,  N.Y. 

Jacobs,  Robert,  M.S.,  Microbiology.  Bacteriologist,  Warner  Institute  for  Thera¬ 
peutic  Research,  New  York,  N.Y. 

Karpas,  Charles  M.,  M.D.,  Pathology.  Resident  Instructor,  Flower  and  Fifth 


I  Avenue  Hospitals,  New  York,  N.Y. 

I'  Kleppel,  Noel  H.,  M.D.,  Medicine,  Psychology.  Medical  Student,  State  Uni¬ 
versity  of  New  York,  Medical  Center,  New  York,  N.Y. 

Korenberg,  Morton,  M.D.C.M. ,  Internal  Medicine.  Assistant  Physician,  Jewish 
General  Hospital,  Montreal,  P.Q.,  Cai  ada. 

LeFevre,  Paul  G.,  Ph.D.,  Physiology.  Associate  Physiologist,  Medical  Depart¬ 
ment,  Brookhaven  National  Laboratories,  Upton,  N.Y. 

Levin,  Erwin,  M.D.,  Gastroenterology.  Senior  Clinical  Instructor,  Medicine, 
Western  Reserve  University,  Cleveland,  Ohio. 
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Levin,  Melvin  H. ,  M.D.,  Rheumatology.  Chief,  Arthritis  Section,  Veterans  Ad¬ 
ministration  Center,  Los  Angeles,  Calif. 

Levy,  Jack  H.,  M.D.,  Radiology.  Private  Practice,  Augusta,  Ga. 

Logan,  Catharine  E.,  M.D.,  Arthritis,  Physician,  Assistant  Professor,  North¬ 
western  Medical  School,  Chicago,  Ill. 

Lucas,  Leo,  M.D.,  Endocrinology.  Physician,  W.  E.  Fernald  School,  Boston, 
Mass. 

Ludwig,  Frede'ric,  M.D.,  Radiobiology.  Chief,  Section  of  Histopathology,  Service 
de  Biologie  Au  Commasariat  a  I’Energie  Atomique,  Paris,  France. 

Mabry,  D.  Shelton,  Ph.D.,  Bacteriology.  Assistant  Instructor,  Department  of 
Bacteriology,  Ohio  State  University,  Columbus,  Ohio, 

Maddaloni,  Arnold,  Psychology.  Author-Researcher,  Psychological  Library, 
Stamford,  Conn. 

Malitz,  Sidney,  M.D.,  Psychiatry.  Acting  Principal  Research  Psychiatrist,  New 
York  State  Psychiatric  Institute,  New  York,  N.Y. 

Malloy,  Cormolly  James,  M.D.,  Allergy.  Lecturer,  Medicine,  McGill  University, 
Montreal,  P.Q. ,  Canada. 

Mandelstamm,  Maxim,  M.D.,  Biology.  Private  Practice,  Brooklyn,  N.Y. 

Marchand,  Eleanore  G.,  M.D.,  Anesthesiology.  Associate  in  Anesthesia,  Beth 
Israel  Hospital,  Boston,  Mass. 

Marks,  Meyer  B.,  M.D.,  Pediatric  Allergy.  Clinical  Associate  Professor,  Pedi¬ 
atrics,  University  of  Miami,  Coral  Gables,  Fla. 

Masland,  Richard  Lambert,  M.D.,  Neurology.  Professor,  Bowman  Gray  School  of 
Medicine,  Winston-Salem,  N.  C. 

Maslow,  Herman  L.,  M.D.,  Pediatrics.  Attending  Pediatrician,  Jewish  Hospital, 
Brooklyn,  N.Y. 

Mericle,  Earl  W.,  M.D.,  Biology.  Private  Practice,  Indianapolis,  Ind. 

Miller,  Joseph  M.,  M.D.,  Surgery.  Chief,  Surgical  Service,  Veterans  Administra¬ 
tion  Hospital,  Fort  Howard,  Md. 

Mitchell,  Robert  Edgar,  Jr.,  M.D.,  Gastroenterology.  Private  Practice,  Richmond, 
Va. 

Morse,  Bernard  S.,  B.A.,  Erythropoiesis.  Research  Fellow,  New  York  University, 
New  York,  N.Y. 

Murray,  Irwin  M.,  M.D.C.M.,  Aging.  Assistant  Professor,  Anatomy,  State  Uni¬ 
versity  of  New  York,  Brooklyn,  N.Y. 

Oberling,  Charles,  M.D.,  Pathology.  Director,  Institut  de  Recherches  sur  le 
Cancer,  Villejuif  (Seine),  France. 

Oldofredi,  Edgar  Conte,  Metallurgical  Engineering.  Consultant,  New  York,  N.Y. 

Opton,  Edward  Milton,  Ph.D.,  Virology.  Research  Assistant,  Yale  University 
School  of  Medicine,  New  Haven,  Conn. 

Pacella,  Bernard  L. ,  M.D.,  Psychiatry.  Attending  Psychiatrist,  New  York  State 
psychiatric  Institute,  New  York,  N.Y. 

Papandrianos,  Dimitris  P.,  M.S.,  Pharmacology.  Professional  Assistant,  ER. 
Squibb  Institute  for  Medical- Research,  Highland  Park,  N.J. 

Pincus,  Sylvester,  M.S.,  Endocrinology.  Research  Assistant,  Pharmacology, 
Argonne  Cancer  Research  Hospital,  Chicago,  Ill. 

Pisano,  Michael,  Ph.D.,  Mycology,  Associate  Professor,  Microbiology,  St.  John’s 
University,  Brooklyn,  N.Y. 

Polin,  Edward  B.,  M.D.,  Medicine.  Assistant  Physician,  Germantown  Hospital, 
Philadelphia,  Pa. 

Quaglia,  Silverio,  M.D.,  Medicine.  Resident  Physician,  Newark,  N.J. 

^an,  Richard  B.  F.,  M.D.,  Cardiovascular  Diseases.  Instructor,  Clinical 
Medicine,  New  York  University  Post-Graduate  Medical  School,  New  York,  N.Y. 

Quattlebaum,  Frank  W.,  M.D.,  Surgery.  Private  Practice,  St.  Paul,  Minn. 

Quimby,  Charles  W.,  M.D.,  Internal  Medicine.  Resident,  Henry  Ford  Hospital, 
Detroit,  Mich. 

Rauchwerger,  Solomon  Murray,  M.D.,  Cardiology.  Chief,  Cardiology,  Veterans 
Hospital,  Oteen,  N.  C. 

Reinhart,  Harry  L.,  M.D.,  Clinical  Pathology.  Associate  Director  of  Laboratories, 
University  Hospital,  Columbus,  Ohio. 

Ripps,  Harris,  M.S.,  Vision.  Associate  in  Optometry.  Columbia  University,  New 
York,  N.Y. 
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Robinson,  John  K.,  M.D.,  Internal  Medicine,  Hematology.  Instructor  in  Medicine, 
University  of  Miami,  Coral  Gables,  Fla. 

■  Samuels,  Nathan  Lester,  M.D.,  Medicine.  Private  Practice,  New  Hyde  Park,  N.Y. 
1  Sanderson,  Willis,  M.D.,  Anesthesiology.  Private  Practice,  Rainsville,  Ala. 

-  Santoro,  D.  A.,  M.D.,  Biology.  Private  Practice,  Portland,  Maine. 

Saunders,  John  Clarke,  M.D.,  Medicine.  Senior  Clinical  Investigator,  CIBA 
'  Pharmaceutical  Products,  Inc. , 'Summit,  N.J. 

-  Sawyers,  John  L. ,  M.D.,  Cardio-vascular  Surgery.  Assistant,  Surgery,  Vanderbilt 

-  University  School  of  Medicine,  Nashville,  Tenn. 

I  Schaffer,  Abraham  I.,  M.D.,  Cardiology.  Instructor,  Medicine,  New  York  Medical 
>  College,  New  York,  N.Y. 

Scheyer,  Hans  Egon,  M.D. ,  Obstetrics.,  Chief,  Department  of  Obstetrics,  Gyne- 
)  cology,  22Sth  Station  Hospital,  Muenchweser,  Germany. 

■  Schiff,  Sydney  P.,  M.D.,  Surgery.  Private  Practice,  Liberty,  N.Y. 

■  Schlecker,  Austin  A.,  M.D.,  Biology.  Private  Practice,  Brooklyn,  N.Y. 

Schneider,  Charles  L.,  M.D. ,  Obstetrics,  Gynecology.  Private  Practice,  Dear- 

f  born,  Mich. 

'  Schnittke,  Sidney  M.,  M.D. ,  Internal  Medicine.  Private  Practice,  Holliswood, 

-  N.Y. 

'  Schoene,  Robert  Henry,  M.D.,  Internal  Medicine.  Assistant  Clinical  Professor, 
=  Medicine,  Ohio  State  University,  Columbus,  Ohio. 

-  Scholder,  Bernard  M.,  M.D.,  Internal  Medicine.  Attending  Physician,  Cardiol* 

ogist,  Mt.  Vernon  Hospital,  Mt.  Vernon,  N.Y. 

Schotland,  Clement  E.,  M.D.,  Medicine,  Pediatrics.  Private  Practice,  Short 
j  Hills,  N.J. 

'  Schumacher,  Irwin  Clement,  M.D.,  Internal  Medicine.  Associate  Professor-, 
Medicine,  University  of  California,  San  Francisco,  Calif. 

^  Schwartz,  Emanuel,  M.D.,  Biology.  Private  Practice,  Brooklyn,  N.Y. 

Schwartz,  George  I.,  M.A.,  Microscopy.  Instructor,  Biology,  New  York  Uni¬ 
versity,  New  York,  N.Y. 

Schwimmer,  Julius,  M.D.,  Medicine.  Assistant  Medical  Director,  Amalgamated 
Laundry  Workers  Health  Center,  New  York,  N.Y. 

Simon,  Ernest  R.,  M.D.,  Immunohematology.  Assistant  Resident,  Medicine, 
Stanford  University  Hospitals,  San  Francisco,  Calif. 

,  Smelo,  Leon  S. ,  M.D.,  Biology.  Private  Pra;jtice,  Birmingham,  Ala. 

Snyder,  John  W. ,  M.D.,  Cancer  Research.  Emeritus  Staff,  Jackson  Memorial 
I  Hospital,  Miami,  Fla. 

!  Soghikian,  Krikor,  M.B.,  Internal  Medicine.  Member,  Permanente  Medical  Group, 
Oakland,  Calif. 

!  Sokal,  Joseph  E.,  M.D.,  Internal  Medicine.  Chief  Cancer  Research  Internist, 
Roswell  Park  Memorial  Institute,  Buffalo,  N.Y. 

^  Soley,  Max,  M.D.,  Biology.  Associate  Attending,  Harlem  Hospital,  New  York, 

I  N.Y. 

J  Solomon,  Samuel,  M.D.,  Biology.  Adjunct  Attending,  Obstetrics,  Gynecology, 
Beth  El  Hospital,  Brooklyn,  N.Y. 
i  Somer,  Joseph  S.,  M.D.,  Biology.  Brooklyn,  N.Y. 

I-'  Spain,  William  Thomas,  M.D.,  Medicine.  Director,  Medical  Service,  Ortho  Pharma¬ 
ceutical  Corporation,  Raritan,  N.J. 

-  Spellman,  George  G.,  M.D.,  Internal  Medicine.  Private  Practice,  Sioiuc  City, 

■  Iowa. 

ISpelman,  Joseph  W.,  M.D.,  Forensic  Pathology.  State  Pathologist,  Vermont 
^  Department  of  Health,  Burlington,  Vt. 

I  Spiaggia,  Frank,  M.D.,  Biology.  Private  Practice,  Fairview,  N.J. 

I  Sporn,  Harry,  M.D.,  Medicine,  Biology.  Private  Practice,  Brooklyn,  N.Y. 
i  Sprecher,  Armand  G.,  M.D.,  Arthritis.  Treatment,  Research,  Arthritis,  Phila¬ 
delphia,  Pa. 

'  Sptogis,  George,  Sr.,  M.D.,  Medicine.  Staff  Physician,  Kentucky  State  Hospital, 
Danville  Ky. 

Sproule,  J.  C.,  Ph.D.,  Geology.  Owner,  Manager,  J.C.  Sproule  and  Associates, 
Consulting  Firm,  Calgary,  Alta.,  Canada. 

Stambul,  Joseph,  M.D.,  Arteriosclerosis.  Chief,  Cardiologist,  Department  of 
Medicine,  Southern  Division,  Albert  Einstein  Medical  Center,  New  York,  N.Y. 
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Stannus,  Donald  G.,  M.D.,  Internal  Medicine.  Private  Practice,  Miami,  Fla. 

Steinberg,  Morris  F.,  M.D.,  Cardiovascular  Diseases.  Private  Practice,  New 
York,  N.Y. 

Steinbrocker,  Otto,  M.D.,  Medicine.  Assistant  Professor,  Clinical  Medicine, 
New  York  University  Post-Graduate  Medical  School,  New  York,  N.Y. 

Stemmermann,  Marguerite  G.,  M.D.,  Medicine.  Medical  Director,  Owen  Clinic, 
Inc.,  Huntington,  W.  Va. 

Stevens,  Russell  A.,  M.D.,  Internal  Medicine.  Private  Practice,  Wilkes-BatrCb 
Pa. 

Stocking,  Gordon  G. ,  D.V.M. ,  Veterinary  Clinical  Research.  Staff  Veterinarian 
Upjohn  Company,  Kalmazoo,  Mich. 

Stotler,  John  Bainter,  M.D.,  Cardiology.  Instructor,  Medicine,  Louisiana  State 
University,  New  Orleans,  La. 

Stowell,  Averill,  M.D.,  Neurosurgery.  Director,  Research  Foundation,  Tulsa, 
Okla. 

Strosberg,  Irving,  M.D.,  Geriatrics.  Chairman,  Department  of  General  Practice, 
Samaritan  Hospital,  Troy,  N.  Y. 

Stroud,  Morris  W.,  Ill,  M.D.,  Biology.  Associate  Director,  Medical  Servicee, 
Highland  View  Hospital,  Cleveland,  Ohio. 

Stroy,  Don  T.,  M.D.,  Medicine.  Resident,  Surgery,  University  Hospital,  Omaha, 
Neb. 

Strub,  Irvin  H.,  M.D.,  Biology.  Private  Practice,  Chicago,  Ill. 

Suben,  Ethel,  B.A. ,  Histochemistry.  Histopathology  Technician,  Dental  Re¬ 
search  Laboratory,  Brooklyn,  N.  Y. 

Sullivan,  Cornelius  H.,  M.D.,  Clinical  Evaluation  of  New  Drugs.  Senior  Reseaid 
Associate,  Division  of  Clinical  Investigation,  CIBA  Pharmaceutical  Producti, 
Inc.,  Summit,  N.J. 

Swartz,  David,  M.D.,  Medicine.  Assistant  Professor,  Surgery,  University  of 
Manitoba,  Winnipeg,  Manitoba,  Canada. 

Swenson,  S.  A.,  Jr.,  Surgery.  Associate  in  Surgery,  University  of  Nebrasb 
College  of  Medicine,  Omaha,  Neb. 

Tornblom,  Nils,  M.D.,  Internal  Medicine.  Associate  Professor,  Clinical  Medi¬ 
cine,  University  of  Uppsala,  Uppsala,  Sweden. 

Torpy,  Thomas  F.,  M.A.,  Parasitology.  Research  Associate,  Department  of 
Radiology,  University  of  Southern  California,  Los  Angeles,  Calif. 

Vegrin,  Elie,  Dr.  Econ.,  Sociology.  Public  Relations  Consultant,  New  York, 
N.Y. 

Vinci,  Frank  J.,  M.  D.,  Pharmaceuticals.  Medical  Service  Division,  CIBA  Pharu- 
ceutical  Products,  Inc.,  Summit,  N.J. 

Wilkinson,  Charles  F.,  Jr.,  M.D.,  Medicine.  Professor,  Chairman,  Department  of 
Medicine,  New  York  University  Post-Graduate  Medical  School,  New  York, 
N.Y. 

Winchell,  Gordon  D.,  M.D.,  Internal  Medicine.  Private  Practice,  South  Lincoln, 
Mass. 

Yacowitz,  H.,  Ph.D.,  Animal  Nutrition.  Head,  Nutrition  Research  Department, 
Squibb  Institute  for  Medical  Research,  New  Brunswick,  N.J., 

Young,  Gordon  Alan,  B.A.,  Geology.  Assistant  to  Chief  Geologist,  Mene  Grande 
Oil  Company,  Caracas,  Venezuela. 

Zeidman,  Irving,  M.D.,  Cancer.  Associate  Prcrfessor,  Pathology,  University  of 
Pennsylvania,  Philadelphia,  Pa. 

Ziffer,  Frederick  W.,  Ph.D.,  Pharmaceutical  Chemistry.  Director  of  Laboratories, 
American  Pharmaceutical  Company,  New  York,  N.Y. 

Zirbel,  Lowell  W.,  B.S.,  Virology.  Research  Assistant,  Pitman  Moore  Company, 
Zionsville,  Ind. 
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